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(57) A plurality of primer sets are designed based 
on a region where conservation at the amino acid level 
is observed among various microorganisms for known 
gene sequences corresponding to a gene coding for an 
enzyme of the L-amino acid biosynthetic pathway de- 
rived from Corynebactehum thermoaminogenes, pref- 
erably an enzyme that functions at a higher temperature 
compared with that of Corynebacterium glutamicum. 



PGR is perfomned by using the primers and chromosom- 
al DNA of Corynebacterium thermoaminogenes as a 
template. The primers with which an amplification frag- 
. ment has been obtained are used as primers for screen- 
ing to select a clone containing a target DNA fragment 
from a plasmid library of chromosomal DNA of Coryne- 
bacterium thermoaminogenes. 
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Description 

Technical. Field 



[0001] The present invention relates to heat resistant enzyme genes, in particular, qenes for enzymes of biosvnthetir 
Background Art 

[0002] The current main stream of the production of L-amIno acids such as L-glutamic acid is the fermentative nro 
?ed'ucTth! c rT": ''^ fermentative production of L-amino acids. S hafblen attlr^^meSTo 

reduce the cost based on breeding of strains with superior productivity and development of fermentation tSoue. 
Although conventional attempts for realizing the cost reduction were mainly directeS to ach elTnThS v eld Xov 

■ -^J^' ' V ' f ""'^^^"'"a ^"^^ femnentation cost That.is. as for usual-microorganisms used fo "he fe^^erat^n th j 
emperature of the medium rises due to femientation heat generated by the microorganisri them^ ^es S.na ^e 
fermen.at.on and hence enzymes required for the fem^entatlon may be inactivated or the produ're bacte'a^^^^^^^^ 
Mled^ Therefore, .t ,s necessary to cool the medium during the fermentation. Accordingly, in order to reduceTe cSi^a 

' Zco^LTnTT f '^'"Pe-t-^^ -^as been studied for many years, f^oreover. if high temperaLre fem^'a on 

hrtemnrt ' T "^'^ '"^P""^^' L-amino acid fLentat o ~ Ive 

high temperature culture has not been realized so far. ■ c ncuon, eneciive 

[0003] Corynebacterium thermoaminogenes is a bacterium classified into conmeform bacteria like Corvn^hnM.Hnrr, 

30 35^2 aL Cwl^ ^^"P^^^*"^^ °f 3.^-^2°^' -^-•^ - higher than that of Corynetsctsnur. glut^n^c^' 
to the h^oh Sm^rt °' r: ^^^^P^^^'^--^ '- ^.glutamic acid production of 42-45''C. which is considerably Siied 

[0004] Meanwhile, there have been developed techniques for enhancing L-amino acid producinq abilitv of Corvn^ 

Sh^T^om ' ^^"^ '^"'^'"S - acid^yntSrsl si tern ^n^e 

11!!? T f "^"^T °' C^'^"^^^'^'^""'" glutamicum into them. Examples of such an enzyrr^e include Tor 

example, crtrate synthase (Japanese Patent Publication (Kokoku) No. 7-121228/1995) which is an e^vmeTthe-^^ 
ctlTH f H P^^^^'^^' 9'"'-"^«'e dehydrogenase (Japanese Patent Laid-open No 61 268T85T986??so" 

raoS (Japanese Patent Laid-open No. 63-214189) and so fortS ^ 

Disclosure of the Invention ' 

[0006] An object of the present invention is to provide genes coding for enzymes derived from Corvnebacterium 
t,ermoann,nogenes, preferably enzymes that function at a temperature higher thah those of Corynebacl^^Z^ZT 

™!!.r tl^^ °' e'^'ensively studied in order to achieve the aforementioned object As " 

L S mt^^r" ' '^"''"^ ""^^"^^ °' ''^^ ^'"'"^ -'^ biosynthetlc pathwaTo, CoSac 

Se^r^^rnTrv::^^^^^^^ '"^^'^^^ ^^'^'^ a^n/tts 

[0008] That lis, the present invention provides the followlngs. 

(1) A protein having the amino acid sequence of SEQ ID NO: 2 or the amino acid sequence of SEQ ID NO 2 
including substitution, deletion, insertion, addition or inversion of one or several amino acids residues which 

2) A protein having the ammo acid sequence of SEC ID NO: 4 or the amino acid sequence of SEQ " 4 

V vTd'in acvl' '"T"''.' °' °' °^ — ' ^'^ -'^^ residues, wMch is 

nvolved n acylCo-A carboxylase activity derived from Corynefcacter/umr^er^^^ . 
. ..(3) A_P_rotein having the amino acid sequence otSEQ ID.NO: 6 or-the amino-acid sequence ofSEQ ID NO-6- 

DtsR^r?- • ^''^'^''i- - ---- oi one or several amino acids residues lich has 

DtsR activity derived from Coryne6acter/u/77frtermoam/noper,es ... ^"'<=" "^as 

(4) A protein having the amino acid sequence of SEO ID NO: 8 or the amino acid sequence of SEO ID NO- 8 
including substitution, deletion, insertion, addition or inversion of one or several amino acids residues lich has 
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DtsR activity derived from Corynebacterium thermoaminogenes. 

(5) A protein having the amino acid sequence of SEQ ID NO: 10 or the amino acid sequence of SEO ID NO: 10 
Including substitution, deletion, insertion, addition or inversion of one or several amino acids residues, which shows 
phosphofructokinase activity at 60°C in an equivalent or higher degree compared with the activity at 30°C. 

5 (6) A protein having the amino acid sequence of SEQ ID NO: 94 or the amino acid sequence of SEQ ID NO: 94 

including substitution, deletion/insertion, addition or inversion of one or several amino acids residues, which has 
activity for imparting sucrose assimilating ability to Corynebacterium thermoaminogenes. 
(7) A protein having any one of the amino acid sequences of SEQ ID NOS: 17-20 or the amino acid sequence of 
any one of SEQ ID NOS: 17-20 including substitution, deletion, insertion, addition or inversion of one or several^ 

10 amino acids residues, which has a function involved in glutamic acid uptake and derived from Corynebacterium 

thermoaminogenes. 

{&) A protein having the amino acid sequence of SEQ ID NO: 22 or the amino acid sequence of SEQ ID NO: 22 
including substitution, deletion, insertion, addition or inversion of one or several amino acids residues, which has 
pyruvate dehydrogenase activity derived from Corynebacterium thermoaminogenes. 
15 (9) A protein having the amino acid sequence of SEQ ID NO: 24 or the amino acid sequence of SEQ ID NO: 24 

including substitution, deletion, insertion, addition or inversion of one or several amino acids residues, which' has 
pyruvate carboxylase activity derived from Coryne^acfer/u/n r/iermoam/nopenes. 

(1 0) A protein having the amino acid sequence of SEQ ID NO: 26 or the amino acid sequence of SEQ ID NO: 26 
including subsUlulion, deletion, insertion, addition or inversion of one or several amino acids residues, which has 

20 phosphoenolpyruvate carboxylase activity and shows 50% or more of residual activity after a heat treatment at 

45°C for 5 minutes. ; ' 

(11) A protein having the amino acid sequence of SEQ ID NO: 28 or the amino acid sequence of SEQ ID NO: 28 . 
including substitution, deletion, insertion, addition or inversion of one or several amino acids residues, which has 
aconitase activity and shows 30% or more of residual activity after a heat treatment at 50°C for 3 minutes. 

25 (12) A protein having the amino acid sequence of SEQ ID NO: 30 or the amino acid sequence of SEQ ID NO: 30 

Including substitution, deletion, insertion, addition or inversion of one or several amino acids residues, which has 
Isocitrate dehydrogenase activity and shows 50% or more of residual activity after a heat treatment at 45°C for 10 
minutes. 

(13) A protein having the amino acid sequence of SEQ ID NO 32 or the amino acid sequence of SEQ ID NO: 32 
30 Including substitution, deletion, insertion, addition or inversion of one or several amino acids residues, which has, 

dihydrolipoamide dehydrogenase activity derived from Corynebacterium thermoaminogenes. • 

(14) A protein having the amino acid sequence of SEQ ID NO: 34 or the amino acid sequence of SEQ ID NO: 34 
including substitution, deletion, insertion, addition or inversion of one or several amino acids residues, which has 
2-oxoglutarate dehydrogenase activity and shows 30% or more of residual activity after a heat treatment at 50?C 

35 for 10 minutes. 

(1 5) A protein having the amino acid sequence of SEQ ID NO: BO in Sequence Listing or the amino acid sequence 
of SEQ ID NO: 80 including substitution, deletion, insertion, addition or inversion of one or several amino acids 
residues, which shows glutamate dehydrogenase activity at 42°C in an equivalent or higher degree compared with 
the activity at 37°C. / . 

40 (1 6) A protein having the amino acid sequence of SEQ ID NO: 90 in Sequence Listing or the amino acid sequence ' 

of SEQ ID NO: 90 including substitution, deletion, insertion, addition or inversion of one or several amino acids 
residues, which shows citrate synthase activity at 37°C in an equivalent or higher degree compared with the activity 
at 23°C. 

(17) A DNA which codes tor a protein having the amino acid sequence of SEQ ID NO: 2 or the amino acid sequence 
45 of SEQ ID NO: 2 including substitution, deletion, insertion, addition or inversion of one or several amino acids 

residues, and having isocitrate lyase activity. , . ■ 

(18) The DNA according to (1 7), which is a DNA defined in the following (a1 ) or (b1 ): 

(a1) a DNA which comprises the nucleotide sequence of SEQ ID NO: 1 in Sequence Listing, 
50 (b1) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 1 in Sequence Listing or a. 

primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein having 
isocitrate lyase activity. • . ' 

(1 9) A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 4 or the amino acid sequence 
55 of SEQ ID NO: 4 including substitution, deletion, insertion, addition or inversion of one or several amino acids 

residues, and involved in acyl Co-A carboxylase activity. 

(20) The DNA according to (19), which is a DNA defined in the following (a2) or (b2): 
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(a2) a DNA which comprises the nucleotide sequence of SEQ ID NO: 3 in Sequence Listing, 

(b2) a DNA which is hybridizabte with the nucleotide sequence of SEQ ID NO: 3 in Sequence Listing or a 

— -—prinnerpreparedbased'ori'the nucleotide sequence-underastringen 

in acyl Co-A carboxylase activity. . ^ 

■ ' 5 ■ \ ■ • ■ . . • . 

(21 ) A DNA which codes for a protein having the annino acid sequence of SEQ ID NO: 6 orthe annino acid sequence 
of SEQ ID NO: 6 including substitution, deletion, insertion, addition or inversion of one or several annino acids 
residues, and having DtsR activity. 

(22) The DNA acco^rding to (21 )v which is a DNA defined in the following (a3) or (bS): 

,10 . ■ . - . . ■ , • ■ 

(a3) a DNA which comprises the nucleotide sequence of SEQ ID NO: 5 in Sequence Listing. * 
(b3) a DNA which is hybridizabte with the nucleotide sequence of SEQ ID NO: 5 in Sequence Listing or a 
primer prepared based on the nucleotide sequence under astringent condition, and codes for a protein having 
DtsR activity. - . 

(23) A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 8 orthe amino acid sequence 
of SEQ ID NO; 8 including substitution, deletion; insertion, addition or inversion of one or several amino acids 
residues, and having DtsR activity. . , 

(24) The DNA according to (23), which is a DNA defined in the following (a4) or (b4): 

(a4) a DNA which comprises the nucleotide sequence of SEQ ID NO: 7 in Sequence Listing, 
(b4) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 7 in Sequence Listing or a 
primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein having' 
DtsR activity. ' 

(25) A DNA which codes for a protein having the amino acid sequence of SEQ. ID NO: 10 or the amino acid 
sequence of SEQ ID NO: 1 0 including substitution, deletion, insertion, addition or inversion of one or several amino 
acids residues, and having phosphofructokinase activity. ' ^ . 

(26) Jhe DNA according to (25), which is a DNA defined in the following (a5) or (b5): 
30 : . \" 

(a5) a DNA which comprises the nucleotide sequence of SEQ ID NO: 9 in Sequence Listing, . . 
(b5);a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 9 in Sequence Listing or a 
primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein having 
phosphofructokinase activity. 

35 

(27) A DNA which codes for a protein having the annino acid sequence of SEQ ID NO: 93 or the amino acid 
sequence of SEQ ID NO: 93 including substitution, deletion, insertion, addition or inversion of one or several amino 
acids residues, and having invertase activity. 

(28) The DNA according to (27), which is a DNA defined in the following (a6) or (b6): 

-^0 . , , ■ . 

(a6) a DNA which comprises the nucleotide sequence of SEQ ID NO: 93 in Sequence Listing, 
(b6) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 93 in Sequence Listing or a 
■ primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein having 
invertase activity. 

(29) A DNA which codes for a protein having any one of the amino acid sequences of SEQ ID NOS: 1 7-20 or the 
amino acid sequence of any one of SEQ ID NOS: 17-20 including substitution, deletion, insertion, addition or 
inversion of one or several amino acids residues, and having a function involved. in glutamic acid uptake. 

(30) The DNA according to (29), which is a DNA defined in the following (a7) or (b7): 

50 , ■ . .*■';■■.. ■ 
(a7) a DNA which comprises the nucleotide sequence of SEQ ID NO: 1 6 in Sequence Listing, 
(b7) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 16 in Sequence Listing or a 
primer prepared based on the nucleotide sequence under a stringent condition , and codes for a protein having 
- - - ~- a function involved in glutamic acid uptake. . , , _ . ..^ _ , _ _ _ : 

55 

(31) A DNA which codes for a protein having the amino acid sequence of, SEQ ID NO: 22 or the amino acid 
sequence of SEQ ID NO: 22 including substitution, deletion, insertion, addition or inversion of one or several amino 
acids residues, and having pyruvate dehydrogenase activity. 
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(32) The DNA according to (31), which is a DNA defined in the following (a8) or (b8): 

(aS) a DNA which comprises the nucleotide sequence of SEQ ID NO: 21 in Sequence Listing. 
(b8) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 21 in Sequence Listing or a 
5 primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein having 

pyruvate dehydrogenase activity. ^ ■ 

(33) A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 24 or the amino acid 
sequence of SEQ ID NO: 24 including substitution, deletion, insertion, addition or inversion of one or several amino 

10 acids residues, and having pyruvate carboxylase activity 

(34) A DNA according to (33), which is a DNA defined in the following (a9) or (b9): 

(a9) a DNA which comprises the nucleotide sequence of SEQ ID NO: 23 in Sequence Listing, 
(b9) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 23 in Sequence Listing or a 
15 primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein having 

pyruvate carboxylase activity. - 

(35) A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 26 or the amino acid 
sequence of SEQ ID NO: 26 including substitution, deletion, insertion, addition or inversion of one or several amino 

20 acids residues, and having phosphoenolpyruvate carboxylase activity 

(36) The DNA according to (35), which is a DNA defined in the following (a1 0) or (b1 0) : 

(alO) a DNA which comprises the nucleotide sequence of SEQ ID NO: 25 in Sequence Listing, 
(blO) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 25 in Sequence Listing or a 
25 primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein having 

phosphoenolpyruvate carboxylase activity. 

(37) A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 28 or the amino acid 
sequence of SEQ ID NO: 28 including substitution, deletion, insertion, addition or inversion of one or several amino 

30 acids residues, and having aconitase activity. 

(38) The DNA according to (37). which is a DNA defined in the following (a11) or (b11): " > 

.(a11 ) a DNA which comprises the nucleotide sequence of SEQ ID NO: 27 in Sequence Listing, -rr^ 
(b11 ) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 27 in Sequence Listing or a\ 
35 primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein having 

aconitase activity. " 

- (39) A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 30 or the amino acid 
sequence of SEQ ID NO: 30 including substitution, deletion, insertion, addition or inversion of one or several amino 
40 acids residues, and having isocitrate dehydrogenase activity. 

(40) The DNA according to (39), which is a DNA defined in the following (a12) or (b12): 

{a12) a DNA which comprises the nucleotide sequence of SEQ ID NO: 27 in Sequence Listing, * 
(b12) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 27 in Sequence Listing or a 
45 primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein having 

isocitrate dehydrogenase activity. • 

(41) A DNA which codes for a protein having the amino acid sequence of SEQ ID NO; 32 or the amino acid 
sequence of SEQ ID NO; 32 including substitution, deletion, insertion^ addition.or inversion of one or several amino 

50 acids residues, and having dihydrolipoamide dehydrogenase activity 

(42) The DNA according to (41), which is a DNA defined in the following (a13) or (b13): 

(a13) a DNA which comprises the nucleotide sequence of SEQ ID NO: 31 in Sequence Listing, 
(b13) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO; 31 in Sequence Listing or a 
55 primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein having 

dihydrolipoamide dehydrogenase activity. * ' 

(43) A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 34 or the amino acid 
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sequence of SEQ ID NO: 34 including substitution, deletion, insertion ' addition or inversion of one or several amino 
' '' acids residues, and having 2-oxoglutarate dehydrogenase activity. 
^ (4.4.) The DMA according to (43):, whjch is a DMA defined in the following (a1 4)„or_{b1 4): .i„_____^ 

5 (a14) a DNA which connprises the nucleotide sequence of SEQ ID NO: 33 in Sequence Listing. 

(b14) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 33 in Sequence Listing or a 
primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein having 
; 2-oxoglutarate dehydrogenase activity. - 

.10 (45) A DNA which codes for a protein having the annino acid sequence of SEQ ID'NO: 80 in Sequence Listing or 

the artiino acid sequence of SEQ ID NO: 80 including substitution, deletion, insertion; addition or inversion of one 
or several amino acids residues, and showing glijtamate dehydrogenase activity at 42°C in an equivalent or higher, 
degree compared with the activity at 37** C. * 

(46) The DNA according to (45), which is a DNA defined in the following (a1 5) or (b1 5): . . 
15 . ■ . ■ ^ , ■ V * ■ - ■ . ' 

(a1 5) a DNA which comprises the nucleotide sequence of SEQ ID NO: 79 i^^ 

(b15) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 79 in Sequence Listing or a 
primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein showing 
. glutamate dehydrogenase activity at 42°C in an equivalent or higher degree compared with the activity at 37°C. 
^0 : ' ' ' . . . , . ' 

(47) A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 90 in Sequence Listing or 
the amino acid sequence of SEQ ID NO: 90 including substitution, deletion, insertion, addition or inversion of one 
or several amino acids residues, and showing citrate synthase activity at 37°C in an equivalent or higher degree 
compared with the activity at 23° C. , 

25 * (48) The DNA according to (47), which is a DNA defined in the following (a1 6) or (b1 6): 

(a1 6) a DNA which comprises the nucleotide sequence of SEQ ID NO: 89 in Sequence Listing, 
(b16) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 89 in Sequence Listing or a 
primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein showing 
30. citrate synthase activity at 37''C in an equivalent or higher degree compared with the activity at 23*'C. 

(49) A method for producing L-amino acid, which comprises culturing a microorganism introduced with a DNA 
according to any one of (17) to (48) in a medium to produce and accumulate L-amino acid in the medium, and 
collecting the L-amino acid from the medium. 
35 .. * 

[0009] The term "DNA of the present invention" is used hereinafter for referring to either one or all of the aforemen- 
tioned DNAs. 

[0010] Hereafter, the present invention will be explained in detail- 

[0011] The.nucleotidesequencesof the DNA of the present invention, names of the genes, and the proteins encoded 
40 by the DNA of the present invention are shown in Table 1 . 



Table 1 



55 



Nucleotide sequence 


Name of gene 


Encoded protein (abbreviation) 


SEQ ID NO: 1 


aceA 


Isocitrate lyase (ICL) 


SEQ ID NO: 3 


accBC 


acyl Co-A carboxylase BC subunit 


SEQ ID NO: ,5 


dtsRI 


DTSR1 protein 


SEQ ID NO: 7 


'dtsR2 


DTSR2 protein 


. SEQ ID NO: 9 


. pfk ■ 


Phosphof ructokinase . . 


SEQ ID NOS: 






11,13,15,93 


scrB 


Invertase 


SEQ ID NO: 16 


gfuABCD 


glutamic acid uptake system 


SEQ ID NO: 21 


pdhA 


pyruvate dehydrogenase 


' SEQHD NO:23 


pc 


pyruvate carboxylase" 


SEQ ID NO: 25 


ppc 


phosphoenolpyruvate carboxylase 


SEQ ID NO: 27 


acn 


aconitase 
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Tabic 1 (continued) 



10 



15 



25 



30 



35 



40 



45 



50 



Nucleotide sequence 


Name of gene 


Encoded protein (abbreviation) 


SEQ ID NO: 29 


, icd 


isocitrate dehydrogenase 


SEQ ID NO: 31 


Ipd 


dihydrolipoamide dehydrogenase 


SEO ID NO: 33 


odhA 


2-oxoglutaratedehydrogenase 


SEQ ID NO: 79 


gdh 


glutannate dehydrogenase 


SEQ ID NO: 89 


gitA 


citrate-synthase 



[0012] The open reading frames (ORFs) of SEQ ID NOS; 3. 23, 25, 31 and 33 and the fourth ORF of SEQ ID NO: 
16 all start from GTG. Although the amino acids encoded by these GTG are indicated as valine in Sequence Listing, 
they may be methionine. 

[0013] The sequence of SEQ ID NO: 16 contains four ORFs, which correspond to gluA, gluB, gluC and gluD in this 
order from the 5' end side. 

[0014] The aforementioned DNA sequences were isolated from chromosomal DMA of the Corynebacterium ther- 
moaminogenes AJ123lb strain (FERM BP-1 542). However the DNA sequences shown in SEQ ID NOS: 11 and 13 
were isolated frorin Corynebacterium thermoaminogenes ^^}^23A0 strain (FERM BP-1539) and AJ12309 strain (FERM 
BP-1 541), respectively, which had invertase activity and sucrose assimilating property, because the AJ12310 strain 
did not have invertase activity and sucrose assimilating property, and the scrB gene isolated from the strain had not 
any open reading frame. 

[0015] The Corynebacterium thermoaminogenes AJ12310 strain (also referred to as YS-314 strain) and AJ12309 
strain (also referred to as YS-155 strain) were deposited at the National Institute of Bioscience and Hum an -Technology, 
Agency of Industrial Science and Technology, Ministry of International trade and Industry (postal code: 305-8566, 1-3, 
Higashi 1 -chome, Tsukuba-shi, Ibaraki-ken, Japan) on March 1 3, 1 987 and given deposition numbers of FERM P-9246 ' 
and FERM P-9245, respectively. Then^ they were transferred to international depositions under the provisions bf the 
Budapest Treaty on October27, 1987, and given deposition numbers of FERM BP-1 542 and FERM BP-1 541, respec- 
tively. . 

[0016] ■ The AJ12340 strain (also referred to as YS-40 strain) was deposited at the National Institute of Bioscience 
and Human-Technology, Agency of Industrial Science and Technology, Ministry of International Trade and Industry 
(postal code: 305-8566, 1 -3, Higashi 1 -chome, Tsukuba-shi, Ibaraki-ken, Japan) on March 1 0, 1 987 and given a dep- 
osition number of FERM P-9277. Then, it was transferred to an international deposition under the provisions of the 
Budapest Treaty on October 27, 1987, and given a deposition number of FERM BP-1539. 

[0017] the nucleotide sequences shown in SEQ ID NOS; 11, 13 and 15 are partial sequences of scrB, and the 
sequences of SEQ ID NOS: .11 and 13 code for partial amino acid sequences of invertase shown in SEQ ID NOS: 12 
and 14. . 

[001 8] A DNA sequence containing a partial fragment of a target gene can be obtained by companng already reported 
nucleotide sequences for the target gene of various microorganisms such as Brevibactehum lactoformentum to select 
a region containing a well-conserved nucleotide sequence, and carrying out PGR using primers designed based on 
the nucleotide sequence of the region and chromosomal DNA of Corynebacterium thermoaminogenes as a template. 
Further, by perfomiing hybridization using the obtained DNA fragment or a probe prepared based on the sequence of 
the fragment to screen a chromosomal DNA library of Corynebacterium thermoaminogenes, a ON AU^grner\Xcor\{a\r\\ng 
the gene in its full length can be obtained. A DNA fragment containing the gene in its full length can also be obtained 
by performing. genome walking using the obtained partial fragment of the gene. The genome walking can be carried 
out by using a commercially available kit. for example, TaKaRa LA PGR in vitro Cloning Kit (produced by Takara Shuzo). 
[0019] For example, a partial sequence of DNA codiiig for glutamate dehydrogenase (henceforth the DNA is also 
referred to as "gdh", an6 the enzyme is also referred to as "GDH") can be obtained from chromosomal DNA of Co- 
rynebacterium thermoaminogenes such as the Corynebacterium thermoaminogenes AJ^ 231 0 strain by PGR (polymer- 
ase chain reaction) using the chromosomal DNA as a template and primers having the nucleotide sequences shown 
in SEQ ID NOS: 77 and 78 of Sequence Listing.' Further, by performing genome walking using the obtained partial 
fragment, the whole gdh gene can be obtained. 

[0020] Further, a partial sequence of DNA coding for citrate synthase (henceforth the DNA is also referred to as 
"gItA", and the enzyme is also referred to as "CS") can be obtained from chromosomal DNA of Corynebacterium 
thermoaminogenes such as the Corynebacterium thermoaminogenes 23)0 strain by PGR (polymerase chain re- 
action) using the chromosomal DNA as a template and primers having the nucleotide sequences shown in SEQ ID 
NOS: 83 and 84 of Sequence Listing. Further, by performing genome walking using the obtained partial fragment, the 
whole gltA gene can be obtained. ' 

[0021] The nucleotide sequences of the aforementioned primers were designed based on a nucleotide sequence in 
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a region containing a well-conserved nucleotide senuenrp ^^mnnn th^ ^j' 

[0022] As for DNA sequences co ding for the nthor on^.»,,^^ T-^-,,,,: .. ! : ^ L 

obtained partial fragments ' ' ^enes in full length can be obtained by using the 
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[0036] The substitution, deletion, insertion, addition, or inversion of nucleotides as described above also includes 
nnutant or variant that naturally occurs due to the difference of strains of Corynebacterium thermoaminogenes orihe like. 
[0037] A DNA coding for substantially the same protein as the original protein can be obtained by expressing DNA 
having a mutation in an appropriate cell, and investigating activity or function of the expressed product protein. The 

5 DNA coding for substantially the same protein as the original protein can also be obtained by. for example, isolating a 
DNA which is hybridizable with a DNA having each of the nucleotide sequences of the sequences of which sequence 
numbers are mentioned in Table 1 or a coding region thereof, or a probe designed based on the nucleotide sequence 
under a stringent condition, and which codes for a protein having the activity originally possessed by the protein, from 
DNA coding for a protein having a mutation or from a cell harboring it. The activity preferably means each enzymatic 

10 activity at 42°C for GDH or 37°C for CS. ' * > 

[0038] The aforementioned probe can be prepared from a DNA having any one of the nucleotide sequences of which' 
sequence numbers are shown in Table 1 or a DNA having any one of the nucleotide sequences by PGR using suitable 
primers. 

[0039] The "stringent condition" referred to herein is a condition under which so-called specific hybrid is formed, and 
^5 non-specific hybrid is not formed. It is difficult to clearly express this condition by using any numerical value. However, 
for example, the stringent condition includes a condition under which DNAs having high homology, for example/DNAs 
having homology of not less than 50% are hybridized with each other, and DNAs having homology lower than the 
above are not hybridized with each other. Alternatively, the stringent condition is exemplified by a condition under which 
DNAs are hybridized with each other at a salt concentration corresponding to an ordinary condition of washing in 
20 Southern hybridization, i.e., 60°C, 1 x SSC, 0.1% SDS, preferably 0.1 x SSC, 0.1% SDS. 

[0040] The gene, which is hybridizable under the condition as described above, includes those having a stop codon 
generated in the gene, and those having no activity due to mutation of active site. However, such genes can be easily 
removed by ligating the genes with a commercially available activity expression vector, and measuring the activity or 
function. 

25 [0041] A protein corresponding to each DNA of the present invention can be produced by expressing the DNA in a 
suitable host-vector system. 

[0042] As the host used for the expression of a gene, there can be mentioned various prokaryotic cells including 
Brevibacterium lactofermentum {Corynebacterium glutamicum), coryneform bacteria such as Corynebacterium ther- 
moaminogenes, Escherichia coii, Bacillus suW///sand so forth, and various eucaryocytic cells including Saccharomyces 
30 cerevisiae, animal cells and plant cells. Among these, prokaryotic cells, in particular, coryneform bacteha and Es- 
cherichia coli are preierre6. 

[0043] If the DNA of the present invention is ligated to a vector DNA autonomously replicable in cells of Escherichia 
CO// and/or coryneform bacteria and so forth to form a recombinant DNA, and this recombinant DNA is introduced irito 
an Escherichia co//cell, the subsequent procedure becomes easy. The vector autonomously replicable in Escherichia 
35 CO// cells is preferably a ptasmid vector autonomously replicable in the host cell, and examples thereof include pUCI 9, 
pUC18, pBR322. pHSG299, pHSG399, pHSG398, RSF1010 and so forth. 

[0044] As the vector autonomously replicable in corynefonn bacterium cells, there can be mentioned pAM330 (refer 
to Japanese Patent Laid-open No. 58-67699/1 983), pHMI 51 9 (referto Japanese Patent Laid-open No. 58-77895/1 983) 
and so forth. Moreover, if a DNA fragment having an ability to make a plasmid autonomously replicable in coryneform 
40 bacteria is taken out from these vectors and inserted into the aforementioned vectors for Escherichia coii, they can be 
used as a so-called shuttle vector autonomously replicable in both of Escherichia coii and corynefonn bacteria. 
[0045] Examples of such a shuttle vector include those mentioned below. There are also indicated microorganisms 
that harbor each vector, and accession numbers thereof at international depositories are shown in the parentheses, 
respectively. 

Esc/?er/c/i/a CO// AJ11 882 (PERM BP-136) - 
Corynebacterium glutamicum SHS20^ (ATCC39135) 
£sc/ie/7C/i/a CO// AJ11 883 (PERM BP-137) , . 

Corynebacterium glutamicum SR8202 (ATCC391 36) . / 
Esc/ier/c/i/a CO// AJ11 884 (PERM BP-138) 
Corynebacterium glutamicum SR8203 {ATCC39^ 37) 
eac/7/us subW/sAJ1 1901 (PERM BP-1 40). 
Esc/}er/c/7/acoli AJ12617(FERM BP-3532) . , 

55 [0046] In order to prepare a recombinant DNA by ligating the DNA of the present invention and a vector that functions 
in corynefonn bacteria, the vector is digested with a restriction enzyme that provides an end corresponding to an end 
of the DNA of the present invention, The ligation is normally attained by using a ligase such as T4 DNA ligase. 
[0047] To introduce the recombinant DNA prepared as described above into a host such as coryneform bacter:ia, 



pAJ655 

pAJ1844 

50 pAJ611 
pAJ3148 
pAJ440 
pHG4 



I NSDOCID: <EP 1219712A1_I_> 



EP 1 219 712 A1 



10 



15 



any known transformation methods that have hitherto been reported can be employed For instance, employable are 
a method of treating recipient cells with calcium chloride so as to increase the permeability for DNA. which has been 
re ported for Escherichia co// K-12 (Mandel. M. and Hi ga. A.. J . Mol. BioL. 53. 159 nfl7nn a 

nd^B^method^of-prepariP'*^ 

competent cells from cells which are at the growth phase followed by introducing the' DNA thereinto, which has been 
reported for Bacilius subtitis (Duncan. C.H., Wilson, G.A. and Young/ F E., Gene, 1, 153 (1977)). fn addition to these, 
also employable is a method of making DNA-reciplent celts into protoplasts or spheroplasts, which can easily take up 
recombinant DNA, followed by introducing the recombinant DNA into the cells, which is known to be applicable to 
Bac///us actinomycetes and yeasts (Chang, S. and Choen, S.N., Molec. Gen. Genet, 168. 111 (1 979): Bibb. 

M.J., Ward, J.M. and Hopwood. OA , Nature, 274, 398 (1978); Hinnen, A., Hicks, J.B. and Fink. G.R., Proc. Natl. Sci. 
USA, 75, 1 929 (1 978)). The transformation of corynefonn bacteria can be effectively performed by the electnc pulse 
method (refer to Japanese Patent Laid-open No. 2-207791). ^ 
[0048] As for the transformation of thermophilic coryneform bacteria such as Corynebacterium thermoaminogenes, 
it can be efficiently performed by treating cells with an agent that changes the structure of cell walls of the host cells, 
and applying an electric pulse to a solution containing DNA and the cells of which structure of the cell walls have been 
changed. The aforementioned agent is an agent that can change the structure of cell walls so that the cells can uptake 
the DNA when an electric pulse is applied to a solution containing the cells treated with the agent and the DNA (hence- 
forth also referred to as a "cell wall treatment agent"). Examples of such an agent include agents that inhibit normal 
synthesis of. bacterial cell waif and agents that lyse bacterial cell walls. Specific examples thereof include lysozyme, 
penicillin G, glycine and so forth. . . 

[0049] Those cell wall treatment agents may be used each alone, or two or more kinds of them may be used in 
combination. Among the aforementioned agents, lysozyme and penicillin G are preferred, and lysozyme is particularly 
preferred. 

[0050] Furthermore, the transformation of Corynebacterium thermoaminogenes can also be performed by applying 
an etectrtc pulse to a solution containing DNA and the host cells of which cell walls has been weakened by a physical 
method such as u\trason'\cat'\on (FEMS Microbiology Letters, 151, ^3S'^3S (19Q7)).. 

[0051] In order to efficiently express a gene contained in the DNA of the present invention, a promoter that functions 
in the host cell such as lac, trp and may be ligated upstream from the coding region of the gene. If a vector containing 
a promoter is used as the vector ligation of each gene, vector and promoter can be attained by one step. , 
[0052] The proteins of the present invention, which can be produced as described above, can be purified as required 
from a cell extract or medium by using usual methods for purifying enzymes such as ion exchange chromatography, 
gel filtration chromatography, adsorption chromatography, salting out and solvent precipitation. 
[0053] It is expected that the proteins of the present invention are excellent in thermal stability or exhibit higher activity 
at high temperatures compared with the corresponding proteins of Corynebacterium fir/u/am/cum and so forth. For 
example, GDH of Brevlbacterium tactofermentum shovjs the highest GDH specific activity around 37°C, and the activity 
is markedly reduced around 42°C. However, GDH of the present invention shows at 42°C the GDH activity equivalent 
to or higher than the activity at 37°C. In a preferred embodiment, GDH of the present invention shows the highest 
specific activity around 42°C, and shows the activity even at 45°C. 

[0054] The GDH activity can be measured by, for example, adding the enzyme to 1 00 mM Tris-HCI (pH 8.0), 20 mM 
NH4CI, 1 0 mM sodium a-ketoglutarate, 0.25 mM NADPH, and determining change of absorbance at 340 nm (Molecular 

^0 Microbiology 6, 317-326 (1992)). - .. . 

[0055] Further, CS of Brevibacterium lactofermentum shows the highest CS specific activity around 23°C, and the 
activity is markedly reduced around 33?C. To the contrary, CS of the present invention shows at 37^C the CS activity - 
equivalent to or higher than the activity at 23°C. In a preferred embodiment, CS of the present invention shows reaction 
temperature-dependently higher activity up to around 37"C, and shows, even at 40°C, about 40% of the activity with 

-'^ respect to the activity at 37°C. 

[0056] The CS activity can be measured by. for example, the method descnbed in Methods in Enzymol 13 3-11 
(1969). ... 

[0057] Further, other proteins of the present invention typically have the following characteristics. The isocitrate lyase 
has 30% or more of residual activity after a heat treatment at 50"C for 5 minutes. The phosphofructokinase has, at 
50 60°C, the activity equivalent to or higher than the activity at 30°C. The phosphoiBnolpyruvate carboxylase has 50% or 
more of residual activity after a heat treatment at 45°C for 5 minutes. The aconitase has 30% or more of residual activity ' 
after a heat treatment at 50^C for 3 minutes. The isocitrate dehydrogenase has 50% or more of residual.activity after 
a heat treatment at 45°C for 1 0 minutes. The 2-oxoglutarate dehydrogenase has 30% or more of residual activity after 
a heat treatment at 50°C for 10 minutes. • _ ■ 

[0058] The proteins of the present invention can also be obtained from cell extracts of Corynebacterium thermoam- 
inogenes such as the Corynebacterium thermoaminogenes AJ12310 strain by using each activity as an index and 
usual purification methods for purifying enzymes such as ion exchange chromatography, gef filtration chromatography, 
adsorption chromatography, salting out and solvent precipitation. 
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[0059] Among the DNA of the present invention, pfk, pdhA. pc, ppc, acn, icd, gdh and git A (names of the enzymes 
encoded by these are shown in Table 1) can be introduced into L-amino acid production bacteria such as coryneform' 
bacteria to enhance their L-amino acid producing ability. It is also expected that coryneform bacteria introduced with 
the DNA of the present invention become possible to produce L-amino acid at a temperature higher than usual. The 

5 L-amino acid includes L-glutamic acid^ L-aspartic acid, L-lysine, L-arglnine, L-proline, L-glutamine and so forth. 

[0060] For example, it is expected that L-glutamic acid production bacteria such as corynefomn bactena introduced 
with the gdhgeue or gItA gene come to be able to produce L-glutamic acid at a temperature higher than usual. Further 
although CS of Brevibacterium lactofermentum may not fully function at a usual culture temperature, for example, 
31 .5^*0, the activity can be enhanced by introducing the gItA gene of the present invention. 

10 [0061] Further dtsR1 and dtsR2 are genes that code for proteins imparting resistance to surfactant to coryneform; 
bacteria (DTSR protein), and corynefomn L-gtutamic acid producing bacteria of which these genes are disrupted pVo^* 
duce a marked amount of L-glutamic acid even.under a condition where biotin is present in such an amount that a wild 
strain becomes to be substantially unabie to produce L-glutamic acid. Further if dt$R1 and dtsR2 genes of corynefonri 
L-glutamic acid producing bacteria having L-lysine producing ability are amplified^ the bacteria are imparted with an 

15 ability to produce a marked amount of L-lysine (W095/23224, Japanese Patent Laid-open (Kokai) No. 
10-234371/1998). . ' 

[0062] The scrS gene can be used fpr improvement of corynefonn bacteria for use in the production of L-amino acids 
by using coryneform bacteria in a mediijm containing sucrose. 

[0063] By deleting aceA, accBC, Ipd or odhA of L-glutamic acid producing coryneform bacteria and so forth, their L- 
- 20 glutamic acid productivity can be enhanced. Further, gluABCD is a gene cluster of the L-glutamic acid uptake system, 
and by deleting one to four of gluA, gluB, gluC and gluD in coryneform L-glutamic acid producing bacteria, the amount 
of L-glutamic acid accumulated in the medium can be increased. aceA, accBC, Ipd, odhA and gluABCDo\ the present 
invention can be used for disruption of these genes on'chromosome. 

[0064] The medium used for producing L-amino acids by utilizing a microorganism introduced with the DNA of the 
25 present invention may be a usual medium that contains a carbon source, a nitrogen source, inorganic ions and other 
organic trace nutrients as required. As the carbon source, there can be used hydrocarbons such as glucose, lactose, 
galactose, fructose, sucrose, blackstrap molasses and starch hydrolysate; alcohols such as ethanol and inositol; or 
organic acids such as acetic acid, fumaric acid, citric acid and succinic acid. 

[0065] As the nitrogen source, there can be used inorganic ammonium salts such as ammonium sulfate, ammonium 
30 nitrate, ammonium chloride, ammonium phosphate and ammonium acetate, ammonia, organic nitrogen such as pep?^^ 
tone, meat extract, yeast extract, corn steep liquor and soybean hydrolysate, ammonia gas; aqueous ammonia and 
so forth. * . ' , . / : ' 

[0066] 'As the inorganic ions (or sources thereof), added is a small amount of potassium phosphate, magnesiunr)'' 
sulfate, iron ions, manganese ions and so forth. As for the organic trace nutrients, it is desirable to add required sub- ' 
- 35 stances such as vitamin , yeast extract and so forth in a suitable amount as required. '^^5' 
[0067] The culture is preferably performed under an aerobic condition attained by shaking, stirring for aeration on 
the like for 1 6 to 72 hours. The culture temperature is controlled to be at 30°C to 47°C, and pH is controlled to be 5 to"^ 
9 during the culture. As for the culture temperature, the culture may be performed at a temperature suitable for culture 
of a microorganism not introduced with the DNA of the present invention or a temperature higher than that. For adjust- 
40 ment of pH, inorganic or organic acidic or alkaline substances, ammonia gas and so forth can be used. 

[0068] Collection of L-amino acids from fermentation broth can be attained by a combination of known methods such 
as techniques utilizing ion exchange resin, precipitation, crystallization and so forth depending on the kind of the L- 
amino acids. > • ' . * * . 

■*5 Brief Explanation of the Drawings ^ • . ■ 

[0069] Fig. 1 shows variation with temperature in activity of glutamate dehydrogenases derived from \he Coryne- 
bacterium thermoaminogenes AJ1 231 0 strain and the Brevibacterium lactofermentum 2256 strain. . • 
[0070] Fig. 2 shows thermal stability of glutamate dehydrogenases derived from the AJ12310 strain and the 2256 
50 strain. " 

[0071] Fig. 3 shows variation with temperature in activity of citrate synthases derived from the AJ12310 strain and 
the 2256 strain. ■ . . 

[0072] Fig. 4 shows thennal stability . of citrate synthases derived from the AJ1 2310 strain and the 2256 strain. 
[0073] Fig. 5 shows variation with temperature in activity of isocitrate lyases derived from the AJ12310 strain- and 
55 the 2256 strain. 

[0074] Fig. 6 shows thermal stability of isocitrate lyases derived from the AJ 12310 strain and the 2256 strain. 
[0075] Fig.. 7 shows variation with temperature in activity of phosphofructokinases derived from the AJ12310 strain 
and the 2256 strain. ■ . : . 
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'[0076] ^Fig. 8 shows thermal stability of phosphofructokinases derived from the AJ1231 0 strain and the 2256 strain . 
[0077] ' Fig. 9 shows variation with temperature in activity of phosphoenolpyruvate carboxylases derived from the 
-AJ-123-l0-Strain„an.d-the^2256-Strain. - . , ■ . ^ . 



[0078] .Fig. 10 shows thermal stability of phosphoenolpyruvate cai-boxylases derived from the AJ1 231 0 strain and 
5 the 2256 strain. . 

[0079] Fig. 11 shows variation with temperature in activity of.aconitases derived from the AJ12310 strain and the 
2256 strain. _ 

[0080] Fig. 12:Shows thermal stability of aconitases derived from the AJ12310 strain and the 2256 strain. ' 
[0081] Fig. 13 shows variation with temperature in activity of isocitrate dehydrogenases derived. from the AJ1 2310 , 
10 strain and the 2256 strain. : . • . 

[0082] Fig. 14 shows thermal stability of isocitrate dehydrogenases derived from the AJ1 2310. strain and the 2256 
. strain. . / ^ ' ■ - 

[0083] Fig. 15 shows thermal stability of 2-oxoglutarate dehydrogenases derived from the AJ12310 strain and the 
2256 strain. 

15 [0084] Fig. 16 shows construction of ptasmid pSCRI 55 carrying scrS gene. ^ 
[0085]. Fig. 17 shows construction of plasmid pPDHA-2 carrying pdM gene. . 
[0086] Fig. 18 shows L-glutamic acid productivity of a pdhA gene-amplified strain; (a) 37^C and (b) 44°C. 
[0087] Fig. 19 shows is construction of a plasmid plCD-4 carrying /cd gene. 

[0088] Fig. 20 shows L-glutamic acid productivity of an icd gene-amplified strain: (a) 37°C and (b) 44°G. 
20 [0089] Fig: 21 shows construction of plasmids pHSG299YGDH and pYGDH. 

[0090] Fig, 22 shows construction of plasmids pHSG299YCS and pYCS. , : 

Best Mode for Carrying out the Invention 

25 [0091 ] Hereafter, the present invention will be further specifically explained with reference to the following examples. 

Example 1 ' ^ 

<1> Production of plasmid library of Corynebacterium thermoaminogenes . 

30 ' ■ 

[0092] The Corynebacterium thermoaminogenes AJ12310 strain was cultured in CM2B liquid medium (1 g/dl of " 
yeast extract (produced by Difco). 1 g/di of polypeptone (produced by Nippon Seiyaku), 0.5 g/dl of NaCI, 10 jxg/dl of 
biotin, pH 7.0 (adjusted with KOH)) at 37°C for 15 hours, and its chromosomal DNA was prepared from the 10 ml of 
the medium by using a chromosomal DNA extraction kit (Bacterial Genome DNA Purification Kit (produced by Advanced 

35 Genetic Technologies)). The obtained DNA was partially digested with a restriction enzyme Sau3/K\, and subjected to 
0:8% agarose. gel electrophoresis to fractionate the DNA. Then, a band corresponding to a DNA fragment of about 4 
to 6 kb was excised from the gel, and a DNA fragment of the objective size was obtained by using a DNA gel extraction 
kit (GIBCO BRL, Concert^" Rapid Gel Extraction System). 

[0093] The plasmid pHSG399 (produced by Takara Shuzo) was fully digested with SamHl, and its end was dephos- 
40 phorylated by using alkaline phosphatase (CIAP; produced by Takara Shuzo). This vector fragment and the aforemen- 
tioned chromosomal DNA fragment were ligated by using a DNA ligation kit produced byTakara Shuzo, and Escherichia 
colt JM109 was the transformed with the obtained recombinant vector. Selection of transfomnants was performed on 
LB agar medium (containing 1 .5 g/dl of agar) containing 30 ^g/ml of chloramphenicol, 0.04 mg/ml of IPTG (isopropyl- 
p-D-thiogalactopyranoside) and 0.04 mg/ml of X-Gal (5-brohno-4-chloro-3-indolyl-p-D-galactoside) to obtain about 
45 4000 white colonies. 



<2> Design of primers for amplification of each gene 



[0094] Primers for use in selection of a clone containing each target gene by PGR from the plasmid library obtained 

50 above were designed. The target genes were mentioned above. 

• [0095] The primers were designed based on a known gene sequence of coryneform bacteria, i.e., its sequence of 
a region where conservation at the amino acid level was obseryod when compared with corresponding genes of other 
microorganisms. Considering the codon usage of coryneform bacteria, a plurality of primer sets were designed for 
_ . each gene. „ _ . . . . _„„.__... , . . : . ; i .... . _ 

55 [0096] To examine propriety of the prepared primers, PGR was perfomned by using these primers and chromosomal 
DNA of the Corynebacterium thermoaminogenes AJ^ 2310 strain as a template to amplify each gene fragment. As a 
result, when the PGR was performed by using the primers shown in the upper rows of Tables 2 to 7 under the conditions 
indicated as "PGR conditions for obtaining partial fragment" in the tables, an amplified fragment was observed for alt 
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of the genes. The parenthesi7ed numbers after the primer sequences indicate the sequence numbers in Sequence 
Listing. These primers were used as primers for screening mentioned below. 
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Table 4 



Gene 



' Primer 
""S • Primer 



PGR 

conditions 
for obtaining 
partial 
fragment 



Amplified 
fragment 



Conditions 
for screening 
PGR and 
colony PGR 



gluABCD 



CCATCCGGATCGGGCAAGTC (47) 
AATCCCATCTCGTGGGTAAC (48) 



94 ^C, 5 min 

98**C, 5 sec 
50*C, 10 sec 
72**C, 20 sec, 30 cycles 
Z-Taq 



pdhA 



ACTGTGTCCATGGGTCTTGGGCC (49) 
GGCTGGAATCCGAACATCGA (50) 



SOObp 



94*^^ 5 min , 

SB**C, 5 sec 
50"C, 10 sec ' ' - 
72®C, 20 sec, 30 cycles 
Z-Taq 



IZOObp 



94*^0, 5 min 



94 "^C, 30 sec 
SO^'C, 1 min 

72*C, 2 min, 30 cycles 

EX-Taq ■ 



94''C, 5 min 

9 4 30 sec 
50**C, 1 min 

72°C, 2 min/ 30 cycles 
EX-Taq 
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Table 5 





Gene 


pc 


ppc 


5 


5 ' -^3 • Primer 


GGCGCAACCTACGACGTTGCAATGCG 


(51) 


GGTTCCTGGATTGGTGGAGA( 53 ) 




3 '-^5 •Primer 


TGGCCGCCTGGGATCTCGTG 


(52) 


CCGCCATCCTTGTTGGAATC ( 54 ) 




PGR 


94°C, 


5 rain 




94"C 


5 min 




10 


conditions 














for 


98*C, 


5 sec 




98*C 


5 sec 






obtaining 


55*C, 


80 sec 30 cycles 




50**C 


5 sec 






partial 




Z-Taq 




72'C 


10 sec 30 cycles 




fragment 










Z-Taq 




15 


Amplified 




■ 781bp 






lOOObp 






fragment 
















Conditions 


94'*C, 


5 min 




94'*C; 


5 min 




20 


for 

screening 


98*G, 


5 sec 




98**C, 


5 sec 






PGR 


55°C, 


80 sec 30 cycles 
2-Tag 




50*C, 


5 sec 

10 sec, 30 
Z-Taq 


cycles 


25 


Conditions 


94''C, 


5 "min, ■ 1 cycles 




94'C> 


5 min - 






for colony 
















PGR ' 


98*C, 


5 sec 




98°C, 


5 sec 




30 




55*»C, 


80 sec, 50 cycles 




50**C, 


10 sec 








Z-Taq. 




72°C, 


20 sec, 50 
Z-Taq 


cycles 



■35 



40 



50 



'SDOCID: <EP 1219712A1 I > 



17 



EP 1 219 712 A1: 



. 5 



10 



15 



20 



25 



30 



35 



40 



55 



^ O 



o 
o 



r- 00 
in in 



a 

H 



o 

EH 

H 
EH 
O 
EH 



in in 



CO 

u 

en 



EH 

U 

CD 



U 
O 



O 0) 0) 5 

a> 03 03 

CO ^ 

; ° ^ CO 

m .-H CM 



U U U 

o o o 

CD o rsj 

<Ti m 



c 
in 



u 0) § 
CO 

^ S 



o o 

CO in 
o^ in 



CO 
O 



M u 

^ g 

-H 
ro in 

t 

in 



.-I 



u 

o 



u 

0) 

to 
o 



c 



u u u 

o o o 

vo in 05 

CT\ ^ \D 



CP 

c 

C 
'A 

•H +J rH 
4-> to 
•H O -H 



CO 
C 

o 



u-o 



4J 

c 

0) 



CL4 O M-t QU MH 



cu 

JQ 
o 
o 
in 



o 
o 
in 



XI 
o 
o 
in 



T3 

H C 
M-l 



c 
a 

in 



U 

o 



CO 

- 0) 
iH 

' O 

>, ■ 

o 
m 

<D C C S 

CO -H -H H - 

ro »-H ^5 



U U U 

o o o 

^ CM 

m r-- 



U 

£H 

U 

u 
a 



u 
u 

E-1 

a 

Eh 

EH 

O 

a 
u 

u 

< H 



Q) 
> 
O 

CO 

<tJ 
0) 

. e 

CO 



0) 

> 
o 

X5 
n3 

CO 

<a 

<D 
CO 



-H 
C 
0) 
0) 



_ C 
W CO (0 



c 

o 



o u 



u 

>t 
c 
o 

rH 

o 



u 

C 
•H 
C 
0) 



0) 

e 



CO m 



18 



3NSDOCID: <EP _1219712A1„I_> 



EP1 219 712A1 



10 



20 



35 



40 



45 



50 



55 ■ 



Q 


S 1 : ATCATCGC AACCGGTTC (69) 
S 2 : TACGAGGAGCAGATCCTCAA (70) 




Hindlll 
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C Q) C C ec 
*H to -H ^ 

e e e 1 

U U U CJ 
o o o o 
. <3» TM 

o^ CTN tn 


icd 


SI :CCGTACTCTTCAGCCTTCTG| 67 ) 
S2 ITCGTCCTTGTTCCACATC ( 68 ) 


S 1 : TCCGATGTC ATCATCGAC (73) 
S 2 : ATGTGG AAC AAGGACGAC (74) 


u 

HI 
4-) 

to 

HI 
rH 

(0 

tn 


94°C, 1 min 

94**C, 30 sec 
57°C, 2 min 

72*C, 2.5 min, 30 cycles 
LA-Taq 


c: 
o 

(8 


S 1 2 GGTGAAGC TAAGTAGTTAGC 6 5 ) 
S 2 : AGCTACTAAACCTGCACC (66) 


5 1 : GCTAACTACTTAGCTTCACC (71) 

52 : GAACCAGGAACTATTGAACC (72) 
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Table 7 





Gene 


odhA 


5 


5 ' ->3 'Primer 
3 • -^5 • jPrimer 


ACACCGTGGTCGGCTCAAGG (61) 
TGCTAACCGGTCGCACCTGG (62) 


10 
15 


PGR condit-ions 
for obtaining 
partial fragment 


94'*C, 5 min 
9a°C, 5 sec 

66**C/ 2 sec, 30 cycles 
Z-Taq 




Amplified 
fragment 


1306bp . 


20 


LA cloning' (N* ) 
5 ' Primer 


S 1 : GTACATATTGTCGTTAGAACGCGTAATACGACTCA ( 7 5 ) 
S2 : GGTTAGAACGCGTAATACGAGTGACTATAGGGAGA (76) 




Restriction 


Xbal 


25 


Conditions for 
LA cloning 


First time 94*'C, 30 sec 

55^g/ 2 min 
72**Cr 1 min 3 0 cycles 
LA-Taq 


30 




Second time 94**C, .1 min 


35 




98**C, 20 sec 

68**G, 15 min, 30 cycles 

72**C 10 min 
LA-Taq 



40 . 



<3> Screening of plasmid library by PGR 

[0097] A clone containing a target gene was selected from the plasmid library by PGR. Sixty colonies were picked 

45 up from each, plasmid library, and replicated onto two LB agar medium plates. The 60 colonies of each plate were 
combined, inoculated to a test tube containing 4 ml of LB liquid medium and cultured for 15 hours. Then, a plasmid 
mixture was respectively obtained by using a plasmid DNA extraction kit produced by Promega. By using this plasmid 
mixture as a template and primers for screening prepared for each target gene, PGR was performed with the conditions 
shown as "conditions for screening PGR" in each table to select a clone from which a DNA fragment of the same size 

50 as that obtained by PGR using chromosomal DNA as a template had been amplified. . . 

[0098] The nucleotide sequence of the amplified DNA fragment was determined by using a Big Dye dye terminator 
cycle sequencing kit produced by Perkin-Elmer and investigating its homology to known gene information to determine 
if the target gene was obtained or not. 

[0099] _As.for./pd,_since,any.DNA. fragment was_not amplified with Jhe_primers_prAduced^in <2>,. oJher,primers_for_ ^ 

55 screening were prepared based on the determined nucleotide sequence. 
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<4> Selection of clone harboring target gene by colony PGR 



[0100] By using a plate that was an origin of a plasmid mixture for which amplification of the target gene fragment 
was confirmed, colony PGR was perfonned to select a clone containing the gene fragment, The colony PGR was 

5 perfonned with the conditions shown in Tables 2-7. 

[0101] Plasmid DNA was collected from a selected transfomnant and the nucleotide sequence of the inserted DNA 
fragment was determined. When the full length of the target gene was not inserted in the inserted DNA fragment, and 
a upstream region, downstream region or the both were deleted, primers were prepared based on the determined 
nucleotide sequence, with which a gene fragment comprising the nucleotide sequence of the target gene in Its full 

10 length was obtained by using TaKaRa LA PGR in vitro Gloning Kit (Takara Shuzo). Then, its nucleotide sequence was. 
determined. ' ' ■• 

[0102] The outline of LA PGR cloning was as follows. Two kinds of primers each having one of the nucleotide se- 
quences of two regions of the inserted DNA fragment were produced. Ghromosomal DNA of Corynebacterium ther- 
moaminogenes AJ12310 strain was digested with various restriction enzymes, and ligated to a cassette primer corre-. 

15 spending to each of the restriction enzymes. By using this as a template, PGR was performed with a primer (S1) 
corresponding to a position distant from the deletion region and a cassette primer (G1) corresponding to a position 
outside the cassette primer among the prepared primers. Then, another PGR was performed with a primer (S2) cor- 
responding to a position near the deletion region and a cassette primer (G2) corresponding to a position inside the 
cassette primer among the prepared primers. In this way, a DNA fragment containing the deleted region was obtained. 

20 By ligating the obtained DNA fragment with the already obtained DNA fragment, a DNA fragment containing the target 
gene in full length could be obtained. Since 5' end of the cassette did not have a phosphate group, a nick was formed 
at the ligation site of the 3' end of the DNA fragment and the 5' end of the cassette. Therefore, the DNA synthesis from 
the primer G1 stopped at this ligation site in the first PGR, and thus non-specific amplification did not occur. Therefore, 
specific amplification could be attained. 

25 [0103] The primers and the reaction conditions used for the LA PGR cloning are shown in Tables 2-7. In the tables, 
the primers mentioned with "(N')'' are primers used for the cloning of an upstream deleted portion, and the primers' 
mentioned with "(C')" are primers used for the cloning of a downstream deleted portion. PGR was perfonned twice 
according to the instruction attached to the LA PGR cloning kit. Among the primers mentioned in the tables, the primers 
(SI ) used for the first reaction are shown in the upper row, and the primers (S2) used for the second reaction are shown 

30 in the lower row. 

[0104] The nucleotide sequences of the DNA fragments containing each gene obtained as described above were 
determined in the same manner as mentioned above, Those nucleotide sequences and amino acid sequences that 
can be encoded by those nucleotide sequences are shown in SEQ ID NOS: 1-34. The sequences shown with the: 
sequence numbers are summarized in Explanation of Sequence Listing mentioned hereinafter. 
35 [01 05] As for scrB, any open reading frame was not found . Since the Corynebacterium thermoaminogenes AJ 1 23 1 0 - 
strain did not have the invertase activity and did not have sucrose assimilating property, an scrS gene fragment was 
obtained in a similar manner from Corynebacterium thermoaminogenes AJ12340 and AJ12309 strains having the 
sucrose assimilating property. As a result, a DNA fragment having an open reading frame was obtained from the both 
strains. ... 

40 

Example 2: Acquisition of gdh and gItA gene 

<1> Investigation of GDH activity of Co/yne/3acter/iyrn frtermoam/nopenes 

45 [01 06] Cells of a wild strain of Corynebacterium thermoaminogenes, the AJ1 231 0 strain, was grown on GM-2B agar 
medium (1 g/dl of yeast extract (produced by Difco), 1 g/dl of polypeptone (produced by Nippon Seiyaku), 0.5 g/dl of . 
NaGI, 1 0 fig/di of biotin, 1 .5 g/dl of agar, adjusted to pH 7.0 with KOH). The cells were inoculated to a 500-ml volume 
flask containing 20 ml of a medium for flask having the following composition and cultured at 37''G for 17 hours (until 
the residual sugar reached about 1 g/dl). 

50 [0107] Similariy, cells of the 2256 strain (ATCG1 3869) of Brevibacterium lactofermentum grown on CM-2B agar me- 
dium were cultured at 31 .5°C for 17 hours. 



[IVIedium for flask] 
55 [0108] 



Glucose 



3 g/dl 
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(continued) 
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KH2P04 


0.1 g/dl. 


MgS04-H20 


0704 g/di 


FeS04-7H20 


1 mg/dl 


MnS04'4H20 


1 mg/dl 


Vitamin B^-HCl 


200 ng/L 


Biotin 


50(ag/L 


(NH4)2S04 


1.5 g/dl 


Soybean protein hydrolysis solution 


48 mg/dl 


(Memeno (T-N)) 




CaC03 (Official regent) 


'5 g/dl ^ 


(separately sterilized) 




pH 8.0 (adjusted with KOH) 





[0109] About 1 ml of the above culture medium was centrifuged at 1 0OO.rpm for 1 minute to remove CaCOg. and the 
cells were washed twice with 200 mM K-phosphate buffer (pH 6.9) and suspended in 300 ^1 of the same buffer. The 
obtained cell suspension was sonicated for 5 minutes.to disrupt the cells, centrifuged at .1000 rpm for 30 minutes to 
obtain a crude enzyme solution as the supernatant. 

r0110] The optimum reaction temperature and the thermal stability of GDH activity were investigated using the afore- 
mentioned crude enzyme solution. The measurement of GDH activity was performed by adding the crude enzyme 
solution to a reaction mixture (100 mM Tris-HCI.(pH 8.0), 20 mM NH4CI, 10 mM sodium a-ketoglutarate, 0.25 mM 
NAbPH) and measuring change of absorbance at 340 nm. The protein concentration of the crude enzyme solution 
was quantified by the Bradford method (Bio-Rad Protein Assay: Kit was used) using bovine serum albumin as the 
standard through measurement of absorbance at 595 nm. The absorbance was measured by using HITACHI U-2000 

(produced by Hrtachi^^^^^ measured at various reaction temperatures is shown in Fig. 1 . While the ATCC13869 strain 
showed the highest specific activity of GDH around 37°C and the activity marl<edly decreased around 42°C, the 
AJ1 231 0 strain showed the highest specific activity around 42''C and It showed the activity even at 45°C. 
[01121 Then the themial stability of GDH was investigated. The cmde enzyme sdlution was left at 65°C for 0 to 30 
minutes before the reaction, and then the enzyme activity was measured at 30°C. The results are shown in Fig. 2. As 
clearly seen from the results, while GDH of the ATCC1 3869 strain was inactivated by the heat treatment for 5 minutes. 
GDH of the AJ1 2310 strain maintained the activity even after the heat treatment for 30 minutes. In addition, the crude 
enzyme solution of the AJ1231 0 strain showed substantially no change in the GDH activity even afterthe heat treatment 
at 65°C for 90 minutes (data are not shown). 

<2> Examination of CS activity of Cd/yneijacferium frtermoam/nogenes 

[01131 The optimum reaction temperature and thermal stability of CS were investigated by using crude enzyme 
Solutions prepared from the cells of the Corynebacterium thermoaminogenes AJ12310 strain and the Brevibacterium. 
tactofermentum ATCC13869 strain in the same manner as in Example 1 .The measurerrent of CS a'^t'vrty was per- 
formed by adding each crude enzyme solution to a reaction mixture (100 mM Tris-HCI (pH 8.0), 0,1 mM DTNB (5,5 - 
dithiobis-(2-nitrobenzoi.c acid)), 200 mM sodium L-glutamate, 0.3 mM acetyl CoA), and measuring change of the ab- 

[0114r Vhe'^CS activity measured at various reaction temperatures is shown in Fig. 3. The ATCC1 3869 strain showed 
the highest specific activity of CS around 23°C and the activity markedly decreased around 33"C. However, the 
AJ12310 Strain showed high specific activity in a reaction temperature-dependent manner up to around 37°c ana it 
showed the activity even at 40°C in a degree corresponding to about 40% of the activity at 37°C. • 
[01151 Then thermal stability of CS was investigated. The crude enzyme solution was left at 33-55°C for 5 minutes 
before the reaction, and then the enzyme activity was measured at 30°C. The results are shown in Fig. 4. Whereas 
CS of the ATCC13869 strain was inactivated by the heat treatment at 35-40'>C, CS of the AJ1231 0 strain maintained 
about 40% of the activity even after the heat treatment at 50° C. 



<3> Acquisition of pofh gene of Corynetoacferium fhcrmoam/nogrenos 

[0116] .The already reported nucleotide sequences of pdrt gene of various microorganisms were compared. A region 
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in which nucleotide sequences were well conserved was selected, and primers having the nucleotide sequences shown 
in SEQ ID NOS: 77 and 78 were prepared based on the nucleotide sequence of the region. 

[0117] PCR was performed by using chromosomal DNA prepared from the Corynebacterium thermoaminogenes 
AJ12310 strain using Bacterial Genome DNA Purification Kit (produced by Advanced Genetic Technologies) as a 
template and the aforementioned primers. Based on the obtained DNA fragment, genome walking was performed by 
using TaKaRa LA PCR in vitro Cloning Kit (produced by Takara Shuzo) to obtain the whole gdh gene, of which whole 
nucleotide sequence was determined. The result is shown in SEQ ID NO: 79. Further the amino acid sequence deduced 
from this nucleotide sequence is shown in SEQ ID NO: 80. 

[0118] The gdh gene of the Brevibacterium lactofermentum ATCC13869 strain was obtained in a similar manner, 
and its nucleotidesequence was determined. The result is shown in SEQ ID NO: 81 , The amino acid sequence encoded 
by this nucleotide sequence is shown in SEQ ID NO: 82. . 

[0119] Homology was investigated for the nucleotide sequences of the gdh gene and the amino acid sequences of 
GDH of the Corynebacterium thermoaminogenes AJ1 231 0 strain and the Brevibacterium lactate rmentum ATCC1 3869 
strain determined as described above, and the known gdh gene and amino acid sequence of GDH of the Corynebac- 
terium glutamicum (C. gtutamicum) ATCC13032 strain (Molecular Microbiology 6, 317-326 (1992)). The results are 
shown in Table 8 (for nucleotide sequences) and Table 9 (for amino acid sequences). 







Tables: ' 
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Homology of nucleotide sequences of various gdh genes 




ATCC13869 


ATCC 13032' 


AJ 123 1.0 




ATCC13869 




94.57o 


82.4% 




ATCC13032 






78.1% 




AJ12310 












Table 9: 




30 


Homology of amino acid sequences of various GDH 






ATCC13869 


ATCC 1 3032 . 


AJ12310 




ATCC13869 




90.8% 


91.7%. 




ATCC13032 






83.4% 


35 


AJ12310 









<4> Acquisition of gItA gene of Corynebacterium thermoaminogenes 
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[0120] The already reported nucleotide sequences of gItA gene of various microorganisms were compared. A region 
in which nucleotide sequences were welt conserved was selected, and primers having the nucleotide sequences shown 
in SEQ ID NOS: 83 and 84 were prepared. based on the nucleotide sequence of the region. 

[0121] PCR was performed by using chromosomal DNA prepared from the Corynebacterium thermoaminogenes 
AJ1 2310 strain (PERM BP-1542) using Bacterial Genome DNA Purification Kit (produced by Advanced Genetic Tech- 
nologies) as a template and the aforementioned primers 7 and 8, and the nucleotide sequence of the amplified nucle- 
otide sequence of about 0.9 kb was determined. 

[0122] On the basis of the obtained nucleotide sequence of gttA gene of Corynebacterium glutamicum (Microbiol., 
140, 1817-1828 (1994)), the^primers of SEQ ID NOS: 85, 86, 87 and 88 were prepared. PCR was performed in a 
manner similar to the above by using chromosomal DNA of AJ12310 as a template and the primers of SEQ ID NOS: 
85, 86, 87 and 88, and the nucleotide sequence of the amplified DNA fragment was specified to determine the whole 
nucleotide sequence of the gene. The result is shown in SEQ ID NO: 89. Further, an amino acid sequence expected 
from this nucleotide sequence is shown in SEQ ID NO: 90. 

[0123] The gItA gene of the Brevibacterium lactofermentum 2256 strain was obtained in a similar manner, and its 
nucleotide sequence was determined. The result is shown in SEQ ID NO: 91 . The amino acid sequence encoded by 
this nucleotide sequence Is shown in SEQ ID NO: 92. 

[0124] Homology was investigated for the nucleotide sequences of the gItA gene and the amino acid sequences of 
CS of the Corynebacterium thermoaminogenes AJ^23^0 strain and [he Brevibacterium lactofermentum /KTCC13032 
strain determined as described above, andthe known p/t^ gene and amino acid sequence of CS of the Corynebacterium 
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glutRmicum AJCC^ 3032 strain (Microbiol.- 140, 1 81 7-1 828 (1 994)y The results are shown in Table 10 (for nucleotide 
sequences) and Table 11 (for amino acid sequences). - 

^ . ________ ^ . ^ . ^ . Yabte 10: ~ ^ ' ■ 



Homology of nucleotide sequences of various gItA genes 




ATCC 13869 


ATCC 13032 


AJ12310 


ATCC13869 




99.5% 


85.7% ^ 


ATCC13032 






.85.6% 


AJ12310 








. Table 11: 


Homology of amino acid sequences of various CS " 




ATCC13869 


ATCC 13032 


AJ 12310 


ATCC13869 




99.3%. 


92.1% 


ATCC1 3.032 






' 92.1% 


AJ12310 
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Example 3: Acquisition of scrB gene of Corynebactehum thermoaminoqenes ' ' ; 

[01 25] Since an scrB gene fragment was obtained from the Corynebacterium thermoaminogenes AJ1 2309 strain as 
shown in Example 1 , it was attempted to obtain the total sequence of the gene; First a partial fragment was obtained 
in the same manner as in Example 1 using the primers shown in SEQ ID NO: 45 and SEQ ID NO: 45. These primers 
were synthesized based on the scrB sequence of the Brevibacterium tactofermentum 2256 strain (Japanese Patent 
Laid-open No. 08-196280/1996). 

[0126] Separately, chromosomal DNA was prepared from the AJ12309 strain by using Bacterial Genome DNA Pu- 
rification Kit (Advanced Genetic Technologies Corp.). Sterilized water was added to 0.5 jig of this chromosomal DNA, 
50 pmol each of the aforementioned primers, 4 ^1 of dNTP mixture (2.5 mM each), 5 ^1 of 1 0 x Z-Taq Buffer (Takara 
Shuzo) and 2 U of Z-Taq (Takara Shuzo) to prepare a PCR reaction mixture in a total volume of 50 ^il. PGR was 
performed with a cycle of denaturation at 9&'>C for 5 seconds, association at 50°C for 1 0 seconds and extension reaction 
at 72°C for 20 seconds, which was repeated for 30 cycles, by using the above reaction mixture and a thermal cycler 
GeneAmp PCR System 9600 (PE) to amplify a partial fragment of scrB of about 600 bp. 

[0127] Then, the total sequence of scrB was detennined by using an LA PCR in vitro Cloning Kit (Takara Shuzo). All 
of the procedure was performed in accordance with the protocol attached to the LA PCR in vitro Cloning Kit. Based 
on the obtained partial sequence, primers shown in SEQ ID NOS: 97. 98, 99 and 100 were synthesized. For the first 
PCR reaction for sequencing an upstream region, the primers shown in SEQ ID NOS: 95 and 97. and chromosomal 
. DNA of AJ12309 strain digested with EcoT14l as a template DNA were used. Forthe second PCR reaction, the primers 
shown in SEQ ID NOS: 96 and 98 were used. Forthe first PCR reaction for/sequencing. a downstream region, the 
primers shown in SEQ ID NOS: 95 and 99 and chromosomal DNA of AJ1 2309 strain digested with Sail (Takara Shuzo) 
as a template DNA were used. For the second PCR reaction, the primers shown in SEQ ID NOS: 96 and 1 00 were 
used. By the above procedure, a sequence of a full length of 1656 bp containing ORF of scrB was determined. This 
nucleotide sequence is shown in SEQ ID NO: 93, and a deduced amino acid sequence is shown in SEQ ID NO: 94. 

Example 4: Examination of thermal stability of isocitrate lyase, phosphofructokinase, ph osphoenolpyruvate . 
carboxylase, aconitase, isocitrate dehydrogenase and 2-oxoglutarate dehydrogenase 

[0128] Thermal stability was investigated for the following enzymes derived from Corynebacterium thermoamino- 
genes In this Example, protein concentrations were measured by the Bradford method (Bio-Rad Protein Assay Kit. 
was used) using bovine serum albumin as a standard protein. Further, measurement of absorbance was performed 
~by using HITACHI U--2000 (Hitachi)-unless otherwise indicated; - - . : 
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<1> Isocitrate lyase . . ^ . . . ' 

[0129] Thermal stability of activity of isocitrate lyase (henceforth also referred to as "ICL") derived from the Coryne- 
bacterium thermoaminogenes AJ12310 strain and ICL derived from the Brevibacterium lactofermentum 2256 strain 

5 (ATCC13869) was investigated. For the activity measurement, used were cells of which culture in a medium having 
the composition mentioned in Table 2 was tenninated before all of the carbon source was completely consumed. The 
method of the activity measurement was one described in Dieter J. Reinscheid et ai, J. Bacteriol., 176 (12)^ 3474 
(1994). Specifically thecells were washed with SOmMTris buffer (pH 7.3). suspended in the same buffer and disrupted 
by sonication (INSONATOR 201 M produced by KUBOTA was used. 200 5 minutes). After the sonication, the sus- 

10 pension was centrifuged (13000 x g, 30 minutes) to "remove undis.rupted cells to prepare a crude enzyme solution. 
[0130] The crude enzyme solution was added to a reaction system containing 50 mM MOPS-NaOH (pH 7.3), 5 mM ' 
dithiothrettol, 15 mM MgClg, 1 mM EDTA, 5 mM D-threo-isocitrate, 0.2 mM NADH and 18 U of LDH (lactate dehydro- 
genase), and absorbance at 340 nm at various temperatures (30, 40, 50, 60 or 70°C) wais measured by a Hitachi 
spectrophotometer U-3210. The measurement results for various reaction temperatures were shown in Fig. 5. Further 

15 the crude enzyme solution was pretreated at 50°C (pretreatment time: 5 hninutes or ,1 5 minutes), and the activity was 
measured at 37°C. The results are shown In Fig. 6. . . - . ^ . 

[0131] As a result, ICL of the AJ12310 strain showed the maximum activity at SO°C, whereas ICL of the 2256 strain 
showed the maximum activity around 50°C. Further while iCL of the 2256 strain was completely inactivated after the 
prelrealmenl for5 minules, ICL of the AJ1 2310 strain maintained half of the activity after the prelrealnnenl for 5 minutes. 
20 Thus, the stability of ICL of the AJ1 231 0 strain at high temperatures was confirmed. 



Table 12 
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Composition of medium for ICL activity measurement 


Component 


Concentration 


. (NH4)2S04 


. 5g/l . 


Urea 


5g/l 


KH2PO4 


0.5 g/l 


K2HPO4 


0.5 g/l 


MOPS 


20.9 g/l 


MgS04-7H20 


0.25 g/l ■ 


CaCl2-7H20 


10 mM • 


CuS04-7H20 


0.2mg/l 


Biotin ' 


. 0.2 mg/l 


MnS04.7H20 


10.mg/t 


FeS04-7H20 


10 mg/l . 


2nS04.7H20 


1 mg/l . 


. . Acetic acid 


4% 



45 

<2> Phosphofructokinase- 

[0132] Thermal stability of activity of phosphofructokinase (henceforth also referred to as "PKF") derived from the 
Corynebacterium thermoaminogenes AJ1231 0 strain and PKF derived from the Brevibacterium lactofermentum 2256 
strain was investigated. For the activity measurement, used were cells. of which culture in a. medium having the com- 
position mentioned in Table 13 was tenninated before all of the saccharide was completely consumed. The method of 
the activity measurement was one described in MichikoMori etai.Agric. Biol. Chem., 51 (10), 2671 (1994). Specifically, 
the celts were washed with 0.1 M Ths buffer (pH-7.5), suspended in the same buffer and disrupted by sonication 
(INSONATOR 201 M produced by KUBOTA was used, 200 W, 5 minutes). After the sonication, the suspension was 
55 centrifuged (1 3000 x g, 30 minutes) to remove undisrupted cells to obtain a crude enzyme solution. • 

[0133] The crude enzyme solution was added to a reaction system containing 100 mM Tris buffer (pH 7.5), 0.2 mM 
NADH, 10 mM MgClg, 2 mM NH4CI, 10 mM KCI, 0.2 mM phosphoenolpyruvic acid, 6.4 mM fruclose-6-phosphate, 1 
mM ATP and 40 ^g of LDH/PK (pyruvate kinase), and absorbance at 340 nm was measured at various temperatures 
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10 



15 



(30, 40, 50; 60 or 70°C) by a Hitachi spectrophotometer U-3210. The measurement results for various reaction tem^- 
peratures were shown in Fig. 7. Further: the crude. enzyme solution was pfetreated at 50°C (pretreatment time: 1. 3, 
5 or 10 minutes), and the activity was measured at 37'' C. The results are shown in Fig. 8. . . , r . - ^ 

[0134] As a result, PKF of the AJ12310 strain showed the maximum activity around 50°C whereas PKF of the 2256 
strain showed the maximum activity around 30°G. Thus, it was confirmed that the optimum temperature of PKF of the 
AJ12310 strain resided in a high temperature region. ; - * - . ; 

■ - . , . Table 13 



Composition of mediuhi for PFK activity measurementv 


, . Component 


Concentration . 


Polypeptone' V 


^ 20g/l 


Yeast extract 


. ■ 20g/l 


Sodium chloride 


5,g/l 


Glucose 


20 g/l 



20 



25 



30 



35 



40 



45 



<3> Phosphoenolpyruvate carboxylase 

[0135] Thermal stability of activity of phosphoenolpyruvate carboxylase (henceforth also referred to as '*PEPC") de- 
rived from the Corynebacterium thermoaminogenes AJ 1 231 0 strain and PEPC of the Brevibacterium lactofermentum „ 
2256 strain was examined: 

[0136] Cells of the AJ1 2310 strain grovvn on CM-2B agar medium were inoculated to a 500-nnl volume flask containing 
20 mi of a medium for flask (8 g/dl of Glucose, o:i g/dl of KH2PO4. 0.04 g/dl of MgS04-H20, 1 mg/dl of FeS04-7H20, 
5 mg/dl of MnS04*4H20, 3 g/dl of (NH4)2S04, 48 mg/dl of TN (soybean protein hydrolysis solution), 200 p,g/L of vitamin 
B^, 300 ^g/L of biotin, 50 p.l/1 of GD-113 (anttfoaming agent), 5 g/dl of CaCOj (Official regent, separately sterilized), . 
pH 8.0 (adjusted with KOH)) , and cuitu red at 37°C. Cells of the 2256 strain grown on CM-2B agar medium were similarly 
cultured at 31. 5°C. . r . 

[0137] The above culture broth in which the cells were grown to the logarithmic growth phase was centrifuged at 
1000 rpm for .1 minute to remove CaCOg. and the cells were washed 3 times with washing buffer (100 mM Tris/HCI 
pH 8.0, 1 0 nnM MgS04, 1 mM DTT. 20% glycerol), sonicated to disrupt the cells, and centrifuged at 15 krpm for 10 
minutes to remove cell debris. The supernatant was further centrifuged at 60 krpm for 1 hour to obtain a crude enzyme 
* solution as the. supernatant. . 

[0138] By using the above crude enzyme solution, optimum reaction temperature and thermal stability of the PEPC 
activity were investigated. The measurement of PEPC activity was performed by adding the crude enzyme solution to 
a reaction mixture (100 mM Tris/H2S04 (pH 8.5), 5 mM phosphoenolpyruvic acid, 10 mM KHCO3, 0.1 mM acetyl-CoA, 
0,15 mM NADH, 10 mM MgS04, 10 U of malate dehydrogenase, 0.1 mM DTT), and measuring change of the absorb- 
ance at 340 nm in 800 \i\ of reaction volume. 

[0139] The PEPC activity measured at various reaction temperatures is shown in Fig. 9. While the activity of the 
2256 strain markedly decreased at AO^'C, the AJ1 231 0 strain showed substantially no decrease of the activity even at 

4o°c. \ ' ' . , ■ - ^ ' / ^ ^ ' ^ , ^ \ [. 

[0140] Then, the thermal stability of PEPC was investigated. The crude enzyme solution was left. at 45°C for 0-20 
minutes before the reaction, and then the enzyme activity was measured at 20°C. The results are shown in Fig. 10. 
As clearly seen from the results, whereas the PEPC activity bf the 2256 strain was substantially lost after the heat 
treatment, for 10 minutes, PEPC of the AJ 12310 strain maintained the activity even after the heat treatment for 20 
minutes. , 

[0141] These results demonstrated the stability of PEPC of the AJ12310 strain at a high temperature. 



<4> Aconitase 
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[0142] Aconitase (henceforth also referred to as "ACN") derived from the Corynebacterium thermoaminogenes 
AJ12310 strain and ACN derived from the Brevibacterium iactofermentum 2256 strain were measured, and thermal 
stability thereof was examined. / 

[0143] Cells of the AJ1 231 0 strain grown on eM-2B agar medium were inoculated to a 500-ml volume flask containing- 
20 ml of a medium for flask haying the same composition as mentioned in,<3>, and cultured at 37°C. Cells of the 2256 
strain grown on CM-2B agar medium were similarly cultured at 31 .5'*C. 

[0144] The above culture broth in which the cells were grown to the logarithmic growth phase was centrifuged at 
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1000 rpm for 1 minute to remove CaCO^, and the cells were washed 3 times with 50 mM Tris/HCI pH 7.5. sonicated 
to disrupt the celts, and centrifuged at 1 5 krpm for 1 0 minutes to obtain a crude enzyme solution as the supernatant. 
[0145] By using the above crude enzyme solution, optimum reaction temperature and thermal stability of ACN activity 
were investigated. The measurement of ACN activity was performed by adding the crude enzyme solution to a reaction 
5 mixture (20 mM Tris/HCI (pH7.5), 50 mM NaCL 20 mM isocitrate-3Na).. and measuring change of the absorbance at 
240 nm in 800 ul of reaction volume. 

[0146] The ACN activity measured at various reaction temperatures is shown in Fig. 11 . The AJ1231 0 strain showed 
higher activity at a higher temperature compared with the 2256 strain. 

[0147] Then, the thermal stability of ACN was investigated. The crude enzyme solution was left at SO'^C for 0-15 
10 minutes before the reaction, and then the enzyme activity was measured at 30°C. The results are shown in Fig. ,12. 
As clearly seen from the results, ACN of the AJ1231 0 strain showed less activity decrease due to the heat treatment 
compared with ACN of the 2256 strain. 

[0148] These results demonstrated the stability of ACN of the AJ1 2310 strain at a high temperature. 

15 <5> isocitrate dehydrogenase 

[0149] Thermal stability of activity of isocitrate dehydrogenase (henceforth also referred to as "tCDH") derived from 
the Corynebacterium thermpaminogenes AJ^ 2310 siraln and ICDH derived from the Brevibactehum lactofermentum 
2256 strain was examined. 

20 [0150] Cells of the AJ1 231 0 strain grown on CM-2B agar medium were inoculated to a 500-ml volume flask containing 
20 ml of a medium for flask having the same composition as mentioned in <3>, and cultured at 37''C. Cells of the 2256 
strain grown on CM-2B agar medium were similarly cultured at 31 .5°C. 

[0151] The above culture broth in which the celts were grown to the logarithmic growth phase was centrifuged at 
1 000 rpm for 1 minute to remove CaCOg, and the cells wore washed 3 times with 50 mM Tris/HCI pH 7.5; sonicated 

25 to disrupt the cells, and centrifuged at 1 5 krpm for 1 0 minutes to obtain a crude enzyme solution as the supernatant. 
[0152] By using the above crude enzyme solution , optimum reaction temperature and themial stability of ICDH activity 
were investigated. The measurement of ICDH activity was performed by adding the crude enzyme solution to a reaction 
mixture (35 mM Tris/HCI, 0 35 mM EDTA (pH 7.5), 1 .5 mM MnS04, 0.1 mM NADP, 1 .3 mM isocitrate-3Na), and meas- 
uring change of the absorbance at 340 nm in 800 fj I of reaction volume. 

30 [0153] The ICDH activity measured at various reaction temperatures is shown in Fig. 13. While the activity of the 
2256 strain markedly decreased at 70°C, substantially no activity decrease was observed even at 70°C for the AJ123i'b 
strain. • ' 

[0154] Then, the thermal stability of ICDH was investigated. The crude enzyme solution was left at 45°C for 0-15 
minutes before the reaction, and then the enzyme activity was measured at 30°C. The results are shown in Fig. 14. 
35 As clearly seen from the results, while only about 15% of residual activity was observed after the heat treatment for 
15 minutes for the 2256 strain, about 60% of residual ICDH activity was obsen/ed for the AJ12310 strain. 
[0155] These results demonstrated the stability of ICDH of the AJ1 2310 strain at a high temperature. " 

<6> 2-Oxogiutarate dehydrogenase 
40 . ■ ' ■ - 

[0156] 2-Oxoglutarate dehydrogenase (henceforth also referred to as "ODHC") derived from the Corynebacterium 
thermoaminogenes AJ 12310 strain and ODHC derived from the Brevibactehum lactofermentum 2256 strain were 
measured, and thermal stability thereof was examined. 

[0157] For the activity measurement, used were cells of which culture in a medium having the composition mentioned 
■^5 in Table 14 was terminated before all of the saccharide was completely consumed. The method of the activity meas- 
urement was one described In Isamu Shiio et al., Agric. Biol. Chem., 44 (8), 1897 (1980). Specifically, the cells were 
washed with 0.2% potassium chloride, suspended in 1 00 mM TES-NaOH (pH 7.5), 30% glycerol solution, and disrupted 
by sonication (INSONATOR 201 M produced by KUBOTA was used, 200 W, 5 minutes). After the disruption by soni- 
cation, the suspension was centrifuged (13000 x g, 30 minutes) to remove undisrupted cells, and subjected to gel 
50 filtration using the same buffer and Sephadex-G25 to prepare a crude enzyme solution. 

[0158] The crude enzyme solution was added to a reaction system containing 100 mM TES-NaOH (pH 7.7), 5 mM 
MgClg, 0.2 mM Coenzyme A, 0.3 mM cocarboxylase, 1 mM a-ketoglutaric acid; 3 mM L-cystoine and 1 mM acetylpy- 
ridine-adenine dinucleotide, and absorbance at 365 nm was measured at various temperatures (30, 40, 50, 60 or 70*'C) 
by a Hitachi spectrophotometer U-3210. The crude enzyme solution was pretreated at 50°C (pretreatment time: 1 , 3, 
55 5 or 10 minutes), and the activity was measured at 37'C. The results are shown in Fig. 15. 

[0159] As a result, while ODHC of the 2256 strain was completely inactivated by the pretreatment for 10 minutes, 
ODHC of the AJ1 2310 strain showed substantially constant activity irrespective of the pretreatment time, and thus its 
stability against high temperature treatment was confirmed. * 
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Table 14 



— — ' — — ^ — i_ 


n.r^mnncitinn nf medinnh for ODHC activity measurement 


5 ■ . ■ . 


Connponent , 


Concentration 




Glucose 


80 g/l 




KH2PO4 






MgS04-7H20 


0.4 g/l 


10 


FeS04-7H20 ^ l 


0.01 g/l ■ 




MnS04-7H20 


0 .05 g/l 




(NH4)2S04 


30 g/l 


15 


retain Soybean protein hydrolysate 


480 mg/l 




Thiamin hydrochloride 


200Hg/l 




Biotin 


300 jig/l 



20 Example 5: Impartation of sucrose assimilating ability by gene transfer of scrS gene 

[0160] Since the Corynebacterium f/7ermoam/nopenes AJ 123 10 strain did not have invertase activity and sucrose 
assimilating property, it was investigated if sucrose assimilating ability could be imparted to it by transferring the scrB 
gene of the AJ1 2309 strain to the strain. 
25 , ■ " — •• \ ^ ^ ^ . , _ - . ■ , 

<1 > Production of plasmid carrying scrB derived from Corynebacterium thermoaminogenes AJ1 2309 strain 

[0161] To obtain an scrS gene fragment, the primers shown inSEQ ID NOS: 101 and 102 were synthesized, of which 
both ends were ligated with Sma\ sequences, based on the nucleotide sequence shown in SEQ ID NO: 93. Sterilized 

30 water was added to 0.5 fig of chromosomal DNA of the 12309 strain, 50 pmol each of the aforementioned oligonucle- 
otides, 4 lit of dNTP mixture (2.5 mM each), 5 ^il of io x Pyrobest Buffer (Takara Shuzo) and 2 U of Pyrobest polymerase 
(Takara Shuzo) to prepare a PCR reaction mixture in a total volume of 50 (xl. PCR was performed with a cycle of 
denaturation at 98'*C for 10 seconds, association at 55°C for 30 seconds and extension reaction at 72^C for 2 minutes, 
which was repeated for 30 cycles, by using the above reaction mixture and a thermal cycler GeneAmp PCR System 

35 9600 (PE) to amplify a fragment of about 1 .7 kb containing scrB ORF. 

[0162] Then, the above amplified fragment was digested with Sma\ (Takara Shuzo), and ligated to plasmid pSAC4 
containing a dephosphorylated replication origin functioning in coryneform bacteria, which had been digested with 
Sma\, to prepare pSCR155. The construction of pSCR1 55 is shown in Fig. 16. pSAC4 was produced as follows. In 
order to make the vector for Escherichia co// pHSG399 (Takara Shuzo) autonomously replicable in coryneform bacteria, 

40 the replication origin (Japanese Patent Laid-open No. 5-7491/1993) derived from the already obtained plasmid 
pHM1519 autonomously replicable in coryneforrh bacteria (Miwa, k.et al.; Agric. Biol. Chem., 48 (1984) 2901-2903) 
was introduced into it. Specifically, pHM1519 was digested with restriction enzymes BamH\ and Kpnl, and the obtained 
fragment containing the replication origin was blunt-ended by using a Blunting kit produced by Takara Shuzo and 
inserted into pHSG399 at the Sal\ site by using an Sail linker (produced by Takara Shuzo) to obtain pSAC4. 

45 ■ . ' ■ * 

<2> Transfer of plasmid carrying scrS gene into AJ1 2310 strain 

[0163] pSCR155.produced above and plasmid pSSM30BS (Japanese Patent Laid-open No. 08-196280/1996) car- 
ryingthe scrS gene derived from Brevibacterium tactofermentumwere introduced into the Corynebacterium thermoam- 
50 ir)ogenes AJ12310 strain. The transfomnation was performed according to the following procedure. The cells were 
inoculated to CM-2B medium containing 20% sucrose in such an amount that ODgeo of . the medium should become 
0.1 , and cultured at 37°C with shaking until the ODgeo become 0.3. Lysozyme was added to the medium at a concen- 
tration of 100 ^g/ml and the cells were further cultured for 2 hours. The cells were washed three times with 20% 
sucrose, suspended in 20% sucrose, added with the plasmid collected from Escherichia C0//JMIIO, mixed sufficiently, 
" 5~5"~ "and'^appliedwith"an"e^ pulse ("1 8 k\//cm7300 msec)"to be ihtmduced w the DNA: After the'cel Is were subjected 
to restoration culture overnight in CM-2B medium containing 20% sucrose, transfonnants were selected on CM-2B 
agar medium containing 5 ^g/ml of chloramphenicol. Specifically the transformation was performed by the electric 
pulse method (Japanese Patent Laid-open No. 12-204236/2000, and the selection of transfonnants was performed 
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on CM2B plate medium containing 5 jig/mt of chloramphenicol at 37°C. As a result, any transformant harboring the 
plasmid pSSM30BS carrying scrB derived from Brevibacterium lactofermentum was not obtained, but only a trans- 
formant harboring the plasmid pSCR155 carrying sciB derived from Corynebacterium thermoaminogenes was ob- 
tained. This strain was designated as AJ12310/pSCR1 55. . - 

5 

<3> Evaluation of culture of AJ1 231G/pSCR155 strain using sucrose as sugar source. . 

[0164] AJ12310/pSCR155 prepared above was inoculated to a medium having the composition shown in Table 15; 
and cultured at 37°C for 22 hours with shaking. The absorbance (OD) and residual sugar (RS) of the medium were 
10 measured after the culture. The results are shown in Table 16. As a result, it was confirmed that, while the AJ 12310 
strain could not assimilate sucrose and hence could not grow, the scrS gene.introduced strain, the AJ12310/pSCR155 
. strain, became to be able to assimilate sucrose. 



Table 15 



30 



Mediumi composition 


Mediumcomposition. . 


Concentration 


Sucrose 


,60g/i;^' 


KH2PO4 


ig/i 


MgS04-7H20 - , 


.0.4 g/l 


FeS04-7H20 


> ; 0.01 g/l 


MnS04.7H20 


0.01 g/l 


(NH4)2S04 . 


30 g/l 


Soybean protein hydrolysate 


480 mg/1 


Thianriin hydrochloride 


200 fig/l 


Biotin 


. 300 ng/l 



Table 16 



Result of sucrose culture 




OD (X 51) 


RS (g/l) 


. 2256 


• 1.292 


0.00 


AJ12310 


0.058 


60.00 


AJ12310/pSCR155 


1.571 


. 0.84 



Example 6: L-qlutamic acid production by pdhA gene-amplified strain 

<1> Construction of plasmid pPDHA-2 carrying pc^ftA ■ ' 

45 

[0165] > The. pdM gene derived from the Corynebacterium thermoaminogenes AJ1 2310' strain was obtained, by 
screening of a plasmid library. Specifically, PGR was performed with the conditions shown in Example 1 , Table 4, using 
a plasmid library mixture as a template, and a clone p21 A was selected, from which a DNA fragment of the same size 
is amplified as obtained in PGR using chromosomal DNA as a template. The DNA sequence of this plasmid was 

50 detemnined to confirm that the full length of pdM was contained in it. ' • 

[0166] p21 A was digestGd with XtialandTCpnl to excise a DNA fragment of 4 kb containing the full length of the pdM 
gene and a promoter region. This DNA fragment containing the pdhA gene was inserted into the Xba\ and Kpnl sites 
of pHSG299 (Takara Shuzo). Then, this plasmid was digested with Xba\, and a fragment obtained by digesting pXK4 
with Xba\ was inserted to prepare pPDHA-2. The construction process of pPDHA-2 is shown in Fig. 1 7. A DNA Ligation 

55 Kit \/er.2. (Takara Shuzo) was used for the ligation reaction, and Escherichia co// JM109 strain (Takara Shuzo) was 
used as the host of genetic manipulation. The aforementioned pXK4 was produced as follows, A shuttle vector pHK4- 
for coryneform bacteria and Escherichia coli (Japanese Patent Laid-open No. 5-7491 /1 993) was digested with restric- 
tion enzymes SamHI and Kpnl to obtain a DNA fragment containing the replication origin, and the obtained fragment 
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was blunt-ended by using a DNA blunting kit (Blunting Kit produced by Takara Shuzo), ligated to an Xfc>al linker (pro- ; 
duced by Takara Shuzo) and inserted Into, pHSG299 at the Xi?al site to obtain the plasnriid pKX4; 



<2> Transfer of plasmid carrying pdM gene Into AJ 1231 0 strain * . 

5 ■ ; _ - * . . ' . ■ ■ ■ 

[0167]' The plasnnid pPDHA-2 produced above was introduced into the Corynebacterium thermoaminogenes 
AJ1 231 0 strain to prepare a pdhA gene-amplified strain. The transformation was performed in the same manner as 
Example- 5, and a transformant was selected on CM-2B agar medium containing 25 |ig/ml kanamycin to obtain 
AJ12310/pPDHA-2 strain. . 

10 ' . . . ■ ■ • ■ . - ^ . 

<3> L-glutamIc acid production by pdM-amplified strain : . . ; 

[0168] The AJ12310 strain and the pdM gene-amplified strain obtained above, AJ 1231 0/pPDHA-2 strain, both of - 
which were grown on CM-2B agar medium,. were each inoculated to a 500-ml volume flask containing 20 ml of a 

15 medium for seed culture flask shown in table 17, and cultured at 37'' C with shaking until glucose was completely 
. consumed. 2. ml of this culture broth was inoculated into 500 ml-volume flask containing 20 ml of a medium for main 
culture flask shown in Table 1 7, and cultured as main culture at 37°C and 44^*0. the main culture was continued until 
glucose was completely consuhned. After the culture, 00^20 medium and accumulated amount, of L-glutamic 

acid were measured to examine the effect of the gene amplification on the cell formation and production of glutamic 

20 acid. The measurement of OD was performed by using a spectrophotometer HITACHI U-2000 (Hitachi), and L-glutamic 
acid concentration was measured by using a glutamic acid analyzer AS-210 (Asahi Chemical Industry). The results 
are shown in Fig. 18. 

[0169] The pdhA gene-amplified strain,. AJ1 231 0/pPDHA-2 strain, showed increased L-glutamic acid accumulation 
and increased OD compared with the AJ12310 strain, and thus it became clear that the amplification of the pdM gene 
^5., was effective for L-glutamic acid production. 



Table 1 7 
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Medium for evaluation of pdM-amplified strain 


Medium composition 


Seed culture 


Main culture 


Sucrose 


' 30 g/l 


60 g/l 


, KH2PO4 


.1 g/l 


" 1 g/l 


MgS04.7H20 - 


0.4 g/l 


0.4 g/r 


FeS04-7H20 


0.01 g/l 


0.01 g/l 


MnS04-7H20 


0.01 g/l 


0.01 g/l 


(NH4)2S04 


'15 g/l : 


30 g/l 


Soybean protein hydrolysate 


480 mg/l 


480 mg/l 


Thiamin hydrochloride 


200|ag/l 


200 ^g/l 


Biotin 


.10|ag/l 




AZ-20R (anti-foaming agent) 


20 ng/l ^ 


20|ig/l 


CaCOg (separately sterilized) 


50 g/L 


50 g/L 


pH 8.0 (adjusted with KOH) 



Example 7: L-glutaniic acid production by icd gene-amplified strain 

50 - , .. ■ - ■ . . ■ . . - . ' 

<1> Construction of plasmid plCD-4 carrying /cd derived from Corynebacterium thermoaminbgenes AJ^ 2310 strain 

[0170] Based on the /cd gene sequence of the AJ1 2310 strain shown in SEQ ID NO: 29, the primers shown in SEQ 
. JD.Np: 1 03 andJSEO IDJSiO: \04 were_sy_nthesize site was introduced ij[lto .5^ejid of t^e both primers. Sepa-£ 

rately, genomic DNA of the Corynebacterium thermoaminogenes AJ1231b strain was prepared by using a Genomic 
DNA Purif. Kit (Edge BioSystems). Sterilized water was added to the genome DNA as a template, 100 pmol each of 
the aforementioned primers, 8 ^lI of dNTP mixture (2.5 mM each), 10 p.! of 10 x Pyrobest Buffer II (Takara Shuzo) and 
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2.5 U of Pyrobest polymerase (Takara Shu7o) to prepare a PGR reaction mi)(ture in a total volume of 1 00 fil. PGR was 
perfomned with a cycle of denaturation at 98°C for 1 0 seconds, association at 55°C for 1 minute and extension reaction 
at 72°G for 4 minutes, which was repeated for 30 cycles, by using the above reaction mixture and a thermal cycler 
TP240 (Takara Shu2o) to amplify a DNA fragment of about 3.3 kb containing the /cdgene and its promoter. ■ 
5 [0171] Then, this DNA fragment containing the icd gene was digested with Bgl\\. and ligated to pHSG299 (Takara 
Shuzo) at the SamHI site: This plasmid was then treated with Xba\, and a fragment obtained by digesting pXK4 with 
Xba\ was inserted into the plasmid to construct plCD-4. The construction procedure of plGD-4 is shown in Fig. 19. A 
DNA Ligation Kit Ver.2 (Takara Shuzo) was used for the ligation reaction, and Escherichia co^iM^09 strain (Takara 
Shuzo) was used as the host of genetic manipulation. 

10 

<2> Transfer of plasmid carrying /ccf gene into AJ 12310 strain 

[0172] The plasmid piCD-4 produced above was introduced into the Corynebacterium thermoaminogenes AJ12310 
strain to prepare an /cd gene-amplified strain. The transformation was performed in the same manner as Example 5, 
15 and a transformant was selected on CM-2B agar medium containing 25 ^g/ml kanamycin to obtain AJ12310/plCD-4 
strain. 

<3> L-glutamic acid production by /cGf-amplified strain ' 

20 [0173] Culture evaluation was performed for the AJ12310 strain and the /cc/-amplified strain thereof, AJ12310/plCD, 
by the culture method described in Example 6. The results are shown in Fig. 20. The icd gene-amplified strain 
AJ1 231 0/plCD-4 strain showed increased L-glutamic acid accumulation and increased OD compared with the AJ1 2310 
strain, and thus it became clear that the amplification of the /cdgene was effective for L-glutamic acid production. 



25 Example 8: L-glutamic acid production by gdh gene-amplified strain . 

<1> Construction of plasmid carrying gdh derived from Corynebacterium thermoaminogenes AJ1231 0 strain 

[0174] Based on the gdh gene sequence of the AJ1231 0 strain shown in SEQ ID NO: 79, the primers shown in SEQ 

30 ID NO: 105 and SEQ ID NO: 106 were synthesized. 

[0175] Separately, chromosomal DNA of the AJ 12310 strain was prepared by using a Bacterial Genome DNA Puri- 
fication Kit (Advanced Genetic Technologies Corp.). Sterilized water was added to 0.5 \ig of this chromosomal DNA. 
10 pmol each of the aforementioned oligonucleotides, 8 ul of dNTP mixture (2.5 mM each), 5 p-l of 10 x LATaq Buffer 
(Takara Shuzo) and 2 U of LA Tag (Takara Shuzo) to prepare a PGR reaction mixture in a total volume of 50 ul. PGR 

35 was performed with a cycle of denaturation at 94°C for 30 seconds, association at 55°C for 1 second and extension 
reaction at 72*'G for 3 minutes, which was repeated for 30 cycles, by using the above reaction mixture and a thermal 
cycler TP240 (Takara Shuzo) to amplify a DNA fragment of about 2 kb containing the gdh gene and its promoter. The 
obtained amplified fragment was digested with PsM (Takara Shuzo), mixed with pHSG299 (Takara Shuzo) fully digested 
with Pst\ and ligated to it. A DNA Ligation Kit Ver.2 produced by Takara Shuzo was used for the ligation reaction. After 

^0 the ligation, competent cells of Escherichia co// JM109 (produced by Takara Shuzo) were transformed with the ligation 
product, plated on L medium (1 0 g/1 of Bacto-trypton, 5 g/l of Bacto-yeast extract, 5 g/l of NaCI, 15 g/l of agar, pH 7.2) 
containing 10 p.g/ml of IPTG (isopropyl-p-D-thiogatactopyranoside), 40 jag/ml of X-Gal (5-bromo-4-chloro-3-indolyl-p-D- 
gatactoside) and 40 |ig/ml of chloramphenicol, and cultured overnight. The emerged white colonies were picked up 
and subjected to single colony separation to obtain transfonnants. , 

^5 [0176] Plasmlds were prepared from the transfonnants by the alkali method (Text for Bioengineering Expehments, 
Edited by the Society for Bioscience and Bioengineering, Japan, p. 105, Baifukan, 1992) and their restriction maps 
were prepared. A plasmid having a restriction map equivalent to that shown in Fig. 21 was designated as 
pHSG299YGDH. " ' 

[0177] A replication origin that functions in coryneform bacteria was introduced into this pHSG299YGDH. Specifically, 

50 pXG4 was digested with a restriction enzyme Xba\ to obtain a fragment containing a replication origin derived from 
pHM1519, and it was mixed with pHSG299YGDH fully digested with Xba\ and ligated to it. Ptasmids were prepared in 
the same manner as above and a plasmid having a restriction map equivalent to that shown in Fig. 21 was designated 
as pYGDH. pXG4 was constructed in the same manner as that for pXK4 mentioned in Example 6 except that pHSG399 
(Gmr) was used instead of pHSG299. . . 

55 . , . ■ . . ' • . , 

<2> Transfer of plasmid carrying pd/? gene into AJ1 2310 . ; . . " ' 

[0178] The plasmid produced above was introduced into the Corynebacterium thermoaminogenes AJ1 2310 strain 
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to prepare a pc/Zi gene-amplified strain/The transformation was performed in the same manner as Example 5v and a 
transformant was selected on CI\/l-2B.agar medium containing 25 pg/ml kanamycin at 31 *'C to obtain AJ 1231 d/pYGDH. a - 

<3> L-glutamic acid production by pd/7-amplified strain \ . , 

5 . . . ^ , ■ , ... '■, ^ . . - _ • \ - . ' • 

[0179] The AJ12310 strain and the prf/i gene-amplified strain obtained above/AJI 231 0/pYGDH strain, both of which . ^ 
were grown on CM-2B agar medium, were each inoculated to a 500-ml volume flask containing 20 ml of a medium for 
seed culture flask shown in Table 18, and cultured at 37"* C with shaking until glucose was completely consumed. 2 ml 
of this culture broth was Inoculated into 500 ml-volume flask containing 20 ml of a medium for main culture flask shown 

10 in Table 19, and cultured as main culture at 37°C and 44^C. The main culture was continued until glucose was com- 
pletely consumed. After completion of the culture, OD520 of the medium and accumulated amount of L-glutamic acid 
were measured to examine the effect of the gene amplification on the cell formation and production of glutamic acid. 
The measurement of OD was performed by using a spectrophotometer HITACHI U-2000 (Hitachi), and L-glutamic acid 
concentration was measured by using a glutamic acid analyzer AS-210 (Asahi Chemical Industry), 

15 '. . _ _ , ■ . ^ . 

Table 18 ; , ./ 
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Composition of medium for seed culture 


Medium composition 


Concentration 


Glucose 


30g/l 


Ammonium sulfate 


\ \ ^ 15 g/i : 


KH2PO4 ; ■ ^ . 


1 g/l 


MgS04-7H20 


0.4 g/l 


FeS04-7H20 


0.01 g/l 


MnS04*7H20 


0.01 g/l 


Soybean protein hydrolysate 


0.48 g/l 


Thiamin hydrochloride 


200Hg/l 


Biotin 


10Rg/l 


AZ20R 


0.02 ml/1 


CaC03 (separately sterilized) 


1 g/L 


pH 8.0. (adjusted with KOH) 



Table 1 9 



'Cohnposition of medium for main culture 


Medium composition 


Concentration 


Glucose' . 


60 g/l ' ' 


Ammonium sulfate 


30 g/l 


KH2PO4 


1 g/l 


, MgS04.7H26 


0.4 g/l 


FeS04.7H20 


0.01 g/l , 


MnS04.7H20. ' 


0.01 g/l 


Soybean protein hydrolysate 


0.48 g/l 


Thiamin hydrochloride 


200 \ig/\ 


AZ20R 


" 0.02 mT/l 


CaC03 (separately sterilized) 


1 g/L 


PH 8.0 (adjusted with KOH) 
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[0180] The results of the culture are shown in Table 20 and Table 21 . At 37°C, the pd/i-amplified strain showed higher 
saccharide consuming rate, better growth and higher attained OD compared with the parent strain, the AJ1231 0 strain. 
Moreover, both of the L-glutamic acid accumulation and the yield were markedly improved, i.e.. 5-7%. at 37''C. Also 
at 44°C. the yield was improved, and the attained OD increased. On the other hand, it was confinned that accumulation 
of (x-ketoglutaric acid was decreased in the .gd/i-amplified strain. These results demonstrate that the amplification of 
gdh is effective for improvement in L-glutamic acid yield and reduction of byproduct. 

/ Table 20 
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Culture result of gd/i-amplified strain (37°C)" 




OD620 
(51 X) 


L-Glu accumulation 

(g/di) 


L-Glu yield 
(%) 


a-KG 
(mg/dl) 


AJ12310 


0.58 


1 .74 


30.7 


53.9 


AJ12310/PYGDH 


0.65 


2-23 


39.3 


4.1 



Table 21 
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Culture result of gdrt-amplified strain (44"C) 




OD620 

(51x) 


L-Glu accumulation 

(g/di) 


L-Glu yield 

(%) 


AJ12310 


0.63 


1,70 


26.7 


AJ12310/pYGDH 


0.7,1 


■ 1 .79 ' 


27.8 
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Example 9: L-glutamic acid production by gItA gene-amplified strain . 

<1 > Construction of plasmid carrying gItA gene derived from Corynebacteriurri thermoaminogenes 

[0181] Based on the gftA gene sequence of the AJ1 231 0 strain shown in SEQ ID NO: 89, the primers shown in SEQ 
ID NO: 1 07 and SEQ ID NO: 1 08 were synthesized. . 

[0182] Separately, chromosomal DNA of the AJ12310 strain was prepared by using a Bacterial Genome ON A Puri- 
fication Kit (Advanced Genetic Technologies Corp.). Sterilized water was added to 0.5 ^g of this chromosomal DNA, 
10 pmol each of the aforementioned oligonucleotides, 8 i^l of dNTP mixture (2.5 mM each), 10 [jI of 10 x Pyrobest-Taq 
Buffer (Takara Shuzo) and 2 U of Pyrobest Taq (Takara Shuzo) to prepare a PGR reaction mixture in a total volume of 
100 fil. FOR was performed with a cycle of denaturation at 94°C for 30 seconds, association at 45°C for 30 seconds 
and extension reaction at 72°C for 3 minutes, which was repeated for 30 cycles, by using the above reaction mixture 
and a thennal cycler TP240 (Takara Shuzo) to amplify a DNA fragment of about 2 kb containing the gftA gene and its 
promoter. The obtained amplified fragment was digested, with Kpn\ (Takara Shuzo),, mixed with pHSG299 (Takara 
Shuzo) fully digested with Kpn\ and tigated to it. A DNA Ligation Kit \/er.2 produced by Takara Shuzo was used for the 
ligation reaction. Afterthe ligation, competent cells of Escherichia co//JM109 (produced by Takara Shuzo) were trans- 
formed with the ligation product, plated on L medium (10 g/l of Bacto-trypton, 5 g/l of Bacto-yeast extract, 5 g/l of NaCI, 
15 g/l of agar pH 7.2) containing 10 ug/ml of IPTG (isopropyl-p-D-thiogalactopyranoside). 40 ^ig/ml of X-Gal (5-bromo- 
4-chloro-3-indolyl-p-D-galactoside) and 40 ^ig/ml of chloramphenicol, and cultured overnight. The emerged white col- 
onies were picked up and subjected to single colony separation to obtain transfonnants. 

[0183] Plasmids were prepared from the -transfonnants by the alkali method (Text for Bioengineering Experiments, 
Edited by the Society for Bioscience and Bioengineering, Japan, p. 105, Baifukan, 1992) and their restriction maps 
were prepared. A plasmid having a restriction map equivalent to that shown in Fig . 22 was designated as pHSG299YCS . 
[0184] A replication origin that is replicable in coryneform bacteria was introduced into this pHSG299YCS. Specifi- 
cally, pXC4 was digested with a restriction enzyme Xba\ to obtain a fragment containing a. replication origin derived 
from pHMI 51 9, and it was mixed with pHSG299YCS fully digested with Xba\ and ligated to it. Plasmids were prepared 
in the same manner as above and a plasmid having a restriction map equivalent to.that shown in Fig. 22 was designated 
as pYCS. • 

<2> Transfer of plasmid carrying gItA gene into AJ1231 0 strain 

[0185] The plasmid produced above was introduced into the Corynebacterium thermoaminogenes AJ1 2310 strain 



33 



I NSDOCID: <EP. 



= 1219712A1_L> 



EP 1 219 712 



\ 



to prepare a gftA gene-amplified strain. The transformation was performed in the same manner as Example 5, and a 
transformant was selected on CM-2B agar medium containing 25 |ig/ml kanamycin to obtain AJ 1231 0/pYCS. ' 



<3> L-glutamic acid'production by p/fAamplified strain ' 

.. [0186] The AJ12310 strain and the gItA gene-ampiified strain obtained above, AJ12310/pYCS strain. ;both of which 
were grown on CM-2B agar medium, were cultured in the same manner as in Example 8. The results of the culture 
are shown in Table 22 and Table 23. Both at the culture temperatures, 37°C and44°C ;the OS-enhanced strain showed 
improved glutamic acid accumulation compared with the parent strain. Further, the pM-amplified strain showed de- 
10 creased L-aspartic acid and L-lysine, which are synthesized from oxaloacetic acid. 

[0187] . These results demonstrate that the amplification of gltA is effective for improvement of L-glutamic acid yield 
and reduction of byproduct. , ' . ^ 



Table 22 



Culture result of 5f/t4- amplified strain (37° C) 




L-Glu accumulation ' 

(g/di) 


Yield 
(%) 


L-Asp accumulation 
■ (mg/dl) 


L-Lys accumulation 
(mg/dl) 


AJ12310 


1.79 


31.9 


11.8 


11.0 


AJ12310/pYCS 


2.04 


36.5 


8.1 


7.3 
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Culture result of g/rA-amplified strain (44° C) ' 




OD 


L-Gtu accumulation 
(g/dl) 


Yield 

(%) 


L-Asp accumulation 
(mg/dl) 


L-Lys Accumulation 
(mg/dl) . 


AJ12310 


0.58 


1 .38 


21.8 


23.3 


29.2 


AJ12310/pYCS 


0.65 


1 .84 


28.8 


14.1 


17.2 . . 



[Explanation of Sequence Listing] 
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SEQ 


ID NO: 


1: < 


SEQ 


ID NO: 


2: < 


SEQ 


ID NO: 


3: . 


SEQ 


ID NO: 


4: . 


SEQ 


ID NO: 


5: 


SEQ 


ID NO: 


6: 


SEQ 


1D NO: 


7: 


SEQ 


ID NO: 


8: 


SEQ 


ID NO: 


9: J 


SEQ 


ID NO: 


10 


SEQ 


ID NO: 


11: 


SEQ 


ID NO: 


12 


SEQ 


ID NO: 


13 


SEQ 


ID NO: 


14 


SEQ 


ID NO: 


15 


SEQ 


ID NO: 


16 


SEQ 


ID NO: 


17 


SEQ 


ID NO: 


18 


-SEQ 


ID NO, 


19 


SEQ 


ID NO 


20 


SEQ 


ID NO 


21 


SEQ 


ID NO 


22 



acoA, nucleotide sequence 



dtsRI, nucleotide sequence 
dtsRI, amino acid sequence 
dtsR2, nucteotide'sequence 
dtsR2, amino acid sequence 
pfk, nucleotide sequence 
pfk, amino acid sequence 
scrS (A J1 2340), nucleotide sequence 



gluABCDrsirnino acid sequence- 
gluABCD, amino acid sequence 
pdhA, nucleotide sequence 
22: pdhA, amino acid sequence 
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SEQ 


ID NO: 


23: 


pc, nucleotide sequence 


SEQ 


ID NO: 


24: 


pc, amino acid sequence . 


SEQ 


ID NO: 


25: 


ppc, nucleotide sequence 


SEQ 


ID NO: 


26: 


ppc, annino acid sequence 


SEQ 


ID NO: 


27: 


acn, nucleotide sequence 


SEQ 


ID NO: 


28: 


acn, annino acid sequence 


SEQ 


ID NO: 


29: 


icd, nucleotide sequence 


SEQ 


ID NO-: 


30: 


icd, amino acid sequence 


SEQ 


ID NO: 


31: 


/pc/, nucleotide sequence , ■ • 


SEQ 


ID NO: 


32: 


Ipd, amino acid sequence 


SEQ 


ID NO: 


33: 


odhA, nucleotide sequence 


SEQ 


ID NO: 


34: 


odhA, amino acid sequence 


SEQ 


ID NO: 


79: 


gdh (AJ12310), nucleotide sequence 


SEQ 


ID NO: 


80: 


gdh (AJ12310), amino acid sequence 


SEQ 


ID NO: 


81: 


gdh (2256), nucleotide sequence . 


SEQ 


ID NO: 


82: 


gdh (2256), amino acid sequence 


SEQ 


ID NO: 


89': 


gftA (AJ12310), nucleotide sequence 


SEQ 


ID NO: 


90: 


gItA (AJ12310), amino acid sequence . 


SEQ 


ID NO: 


91: 


gItA (2256), nucleotide sequence 


SEQ 


ID NO: 


92: gItA (2266), amino acid sequence 


SEQ 


ID NO: 


93: scrB (AJ 12309), nucleotide sequence 


SEQ 


ID NO: 


94: scrB (AJ12309), annino acid sequence 


Industrial 


Applicability 



25 . • ' ■ ■ 

[0189] According to the present invention, genes coding for enzymes of amino acid biosynthetic pathway derived 
from Corynebacterium thermoaminogenes, or genes'coding for proteins involved in the amino acid uptake into cells. 
[0190] The genes of the present invention can be utilized for the production of the aforementioned enzymes or pro- 
teins, or the breeding of amino acid producing bacteria. * ■ ' 

30 . ' ~ . " ' ' . . : ;■: ■ " ■ \' 7. 
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<110> AjinoDioto Co. , Inc. 

<120> Genes for Heat^ resistant Enzymes of Amino Acid 
Biosynthetic Pathway Derived from Thermophilic 
Coryneform Bacteria . 

<130> EPA-53881 

<i4o> ; ; / 

<141> 10.04.2002 . , . : \ 

<150> JP 11-282716 

<151> 1999-10-04 ' ,: 

<150> JP 11-311147 

<15I> 1999-11-01 : ~ 

<150> JP 2000-120687 
<151> 2000-04-21 

<160> 108 

<170> Patentin Ver. 2.0 

<210> 1 . 
<211> 1980 
<212> DNA 

<213> Cbrynebacterium thermoiaiDiiiogenes 
<220> 

<22I> CDS ; ' 

<222> (577). . (1869) 

<400> 1 

tgca t tccac cgacggtcac gcgl icggtc t tgtcagcgg cgtcaalctg ctgatggtic 60 

atgcaaagct ccttcgaagc aagagatcgg gtgtgtgcgg gcacc lalcg ggggaagccc 120 

tcgctgcgcc ccagggggag ctggcgalgl gaccaggtla aglgalaacc atcaccllgc 180 
caatgggttt gcgaact t ta. ccgtgacgc t acccccgctt tlgltlgatc acaccagctc 240 

-gaaggc t g t c gc t-l t t ccga agalgcaeg t -^gaagtggcaa-a l c-e t t gcGa- cecgaggt 1 1300 

tcccagtaca aacgtactag tgatgaggal cacggggaac attgtggaga ttgcaciltg 360 
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20 



caatattlgc aaaaggggtg actacccccg cgcaaaactl aaaaacccaa atccgttgac 420 
ggacccatgc ccgatgaagc aatgtglgaa gcacgccacc ggaacacagg ttglggaica 480 
cicaccatga tgtgggggat tcgcalcaca cagtgigcag ggcggcaccl claccgaalg 540 
cgccltacag cagcaccaag aagaagtgac tcttag alg (ca aac gtt gga acg 594 

Met Ser Asn Val Gly Thr 
■ I 5 

cca cgt acc gca cag gaa ate cag cag gat tgg gac acc aac cca cgc 642 
Pro Arg Thr Ala Gin Glu lie Gin Gin Asp Trp Asp Thr Asn Pro Arg 

10 15 20 

tgg aac gga ate acc cgc gac tac acc gel gag cag gta get gag' etc 690 
Trp Asn Gly lie Thr Arg Asp Tyr Thr Ala Glu Gin Val Ala Glu Leu 

25 30 35 

cag ggc age gtc gtc gag gag cac acc etc gca aag cgc. ggc gcc gag 738 
Gin Gly Ser Val Val Glu Glu His Thr Leu Ala Lys Arg Gly Ala Glu 

40 45 50 

ate ctg tgg gat gca gtt^tcc gca gag ggc gac gac tac ate aac gca 786 
He Leu Trp Asp Ala Val Ser Ala Glu Gly Asp Asp Tyr lie Asn Ala 
55 60 65 70 

25 Ctg ggc gcc ctt acc^ ggi aac cag get gtc cag cag gtc cgt gcc ggc 834 
Leu Gly Ala Leu Thr Gly Asn Gin Ala Val Gin Gin Val Arg Ala Gly 

75 80 85 

ctg aag get gtc tac etc tec ggc tgg cag glc gca ggt gac gcc aac 882 
30 Leu Lys Ala Val Tyr Leu Ser Gly Trp Gin Val Ala Gly Asp Ala Asn 

90 95 100 

etc gcc ggt cac acc tac cec gac cag tec ctg tac ccg geg aac tec 930 
Leu Ala Gly His Thr Tyr Pro Asp Gin Ser Leu Tyr Pro Ala Asa Ser 
55 105 110 115 

gtc ccg aac gtt gtc cgt cgc ate aac aac gca ctg ctg cgc gcc gat 978 
Val Pro Asn Val Val Arg Arglle Asn Asn Ala Leu Leu Arg Ala Asp 
120. 125 ' 130 

40 gag ate gca cgc gtc gag ggt gac acc tec gtc gac aacMgg etc gtc 1026 
Glu He Ala Arg Val Glu Gly Asp Thr Ser Val Asp Asn Trp Leu Val 
135 140 . 145 150 

ccg ate gtc gee gac ggc gag gcc ggc ttc ggt ggc gcc etc aac gtc^ 1074 
45 . Pro He Val Ala Asp Gly Glu Ala Gly Phe Gly Gly Ala Leu Asn Val 

155 160 165 

tac gag etc cag aag ggc alg ate acc gel ggt gcc gca ggc acc cac 1122 
Tyr Glu Leu Gin Lys Gly Mel He Thr Ala Gly Ala Ala Gly Thr. His 

5^ 170 , 175 ' . , rso 

tgg gag gat cag etc gci tec .gag aag aag tgt ggc cac etc ggt ggc 1170 

Trp Glu Asp Gin Leu Ala Ser Glu Lys Lys Cys Gly His Leu Gly Gly 

185 \ 190 ; '195 

aag gtc etc ale ccg acc cag cag cac ate cgc acc ctg aac tec gcc 1218 
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Lys Val Leu lie Pro Thr Gin Gin His He Arg Thr Leu Asn Ser Ala 
?fin • one , n t n 



5 cgc ctg gca get gac.gtg gcc aac acc ccg acc gtc glc ate gee cgc .1266 

Arg Leu Ala Ala Asp Val Ala Asn Thr Pro Thr Val Val He Ala Arg 
215 220 225 230 

acc gac gca gag gcc gcc acc ctg. ate acc let gat git gat gag cgc 1314 
,0 Thr Asp Ala Glu Ala Ala Thr Leu lie Thr Ser Asp Val Asp Glu Arg 

235- 240 245 

gac cgc eca ttc ate acc ggc gag cgc acc gcc gag ggc tac tae eac 1362 
Asp Arg Pro Phe He Thr Gly Glu Arg Thr Ala Glu Gly Tyr Tyr His 
15 . 250 / 255 260 - 

• ,&tc aagccg ggt etc gag cce Ige ale gca cgt gcg aag tec tae get 1410 
Val Lys Pro Gly Leu Glu Pro Cys lie Ala Arg Ala Lys Ser Tyr Ala ■ 
265 270 275 

20 ccc tac gca gac atg ate tgg atg gag acc ggc acc cc t gac etc gag 1458 

Pro Tyr Ala Asp Met He Trp Met Glu Thr Gly Thr Pro Asp Leu Glu 

280 .285 290 

Ctg gcc aag aag ttc gcc gag ggc gtc cgc age gag He ccg gac eag 1506 
■25. Leu Ala Lys Lys 'Phe Ala Glu' Gly Val Arg Ser Glu Phe Pro Asp Gin 
295 , 300 305 310 

ctg ctg- tec tac- aac tgc tec. ccg tee. He aac tgg let gca cac etc 1554 
Leu Leu Ser Tyr Asn Cys Ser- Pro Ser Phe Asn Trp Ser Ala His Leu 

30 315 , ^ r .; • .320:. • • ; J25, . ■ - • 

gag gcc gac gag ate get aag ttc cag aag gaa' ctg ggt gcc atg ggc 1602 
Glu Ala Asp Glu He Ala Lys Phe Gin Lys Glu Leu Gly Ala Met Gly 
330 335. 340 

35 ttc,' aag ttc. cag He ate ace ctg get. ggc He eac tec etc aac tac ■ 1650 

Phe Lys Phe Gin Phe He Thr Leu Ala Gly Phe His Ser Leu Asn Tyr 

345 . , 350 355 

ggt atg ttc gac ctg get tac ggc tac gcc cgt gaa ggc atg. ccc gee, 1698 
■*o Gly Met Phe Asp Leu Ala Tyr Gly Tyr Ala Arg Glu Gly Met Pro Ala • . 

360 365 . 370 

He gtc gac ctg cag aac cgt gag He aag gca gel gag gag cgc ggc 1746 
Phe Val Asp Leu. Gin Asn Arg Glu Phe Lys Ala Ala GluGlu Arg Gly 
375 380 . 385 390 

He acc gcc gtc aag cae eag cgt gag gtc ggc gcc ggc tac ttc gac 1794 
Phe Thr Ala Val Lys His Gin Arg Glu Val Gly Ala Gly Tyr Phe Asp 

395 400 . '405 

ace ate gcc ace ace git gac ccg aac tec tec acc acc gcg ctg aag 1842 
Thr He Ala Thr Thr VaT Asp Pro Asn Ser Ser Thr Thr Ala Leu Lys 
410 415 ■ 420 

SSLScc _ae.c_ gag.gaa: _tgc. cag ..H.e_ cac J aggaaecac, etga t gcggt- - _ . 1889 - 

Gly Ser Thr Glu Glu Cys Gin Phe His 
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425 430 
gccgtalggc clgacggcac cgcccctccc tltgcactcc agtactccli tgtgcacatc 1949 
ggccalctcc acaccgcgcg ccccgccacc I jggO 

<210> 2 
<211> 431 
<212> PRT 

<213> CorynebacteriuiD IherinoaiDinogenes 

<400> 2 , " . . . , 

Met Ser Asn Val Gly Thr Pro Arg Thr Ala Gin Glo He Gin Gin Asp 

1 5 .10 . . ; 15 

Trp Asp Thr Asn Pro Arg Trp Asn Gly lie Thr Arg Asp Tyr Thr Ala. 

20 25 30 

Glu Gin Val Ala Glu Leu Gin Gly Ser Val Val Glu Glu His Thr Leu 

35 40 , 45 . ; 

Ala Lys Arg Gly Ala Glu lie Leu Trp Asp Ala Val Ser Ala Glu Gly 

50 - . ,55 -60 

Asp Asp Tyr He Asn Ala Leu Gly Ala Leu Thr Gly Asn Gin Ala, Val 
65 > 70 . 75 80 

Gin Gin Val Arg Ala Gly Leu Lys. Ala Val Tyr Leu Ser Gly Trp Gin 

85 . 90 95 

Val Ala Cly Asp Ala Asn Leu Ala Gly His Thr Tyr Pro Asp Gin Ser 

100 105 .1 10 

Leu Tyr Pro Ala Asn Ser Val Pro Asn Val Val Arg Arg Lie Asn Asn 

115 120 125 

Ala Leu Leu Arg Ala Asp Glu lie Ala Arg Val Glu Gly Asp Thr Ser 

130 , 135 140 . . 

Val Asp Asn Trp Leu Val Pro lie Val Ala Asp Gly Glu Ala Gly Phe 
145 .150 : 155 . 160 

Gly Gly Ala Leu. Asn Val Tyr Glu Leu Gin Lys Gly Met- He Thr Ala: ' 

165 170 175 

Gly Ala Ala Gly Thr His Trp Glu Asp Gin Leu Ala Ser Glu Lys Lys 

180 185 190. . 

Cys Cly His Leu Gly Gly Lys Val Leu lie Pro Thr Gin Gin His lie 

■195 200 . , 205 . .. 

Arg Thr Leu Asn Ser Alj Arg Leu. Ala Al.a Asp Val Ala Asn Jhr Pro : 

210 . 215 . [ 220 

Thr Val Val lie Ala. Arg Thr Asp Ala Glu Ala A.la Thr Leu He Thr 
225 . 230 235 , 240 

Ser Asp Val Asp Glu Arg Asp Arg Pro Phe. He Thr Gly Glu Arg Thr 

245 • ; • 250 . 255 

Ala Glu Cly Tyr Tyr His Val Lys Pro Gly Leu Glu Pro Cys He Ala 
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420 
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430 



30 <2i0> 3 : ' : - 

^ <211> 2381 ; ^ 
<212> DNA 

<213> Corynebacterium thermoaminogenes . 

<220> " 
<221> CDS 

<222> (577).. (2349) 

40 • 

<400> 3 

agcaggccgt gt tgccgaac ggcaacttcc gcagccgcaa ggagatcgag gaggigtacl 60 
cgcacctcaa ccctgccgag gacaccglgg tglacigccg cgtgggtgac cgcgcggccc 120 
acacctggtt cgtgt tgaag' tacctgclgg ggl I tgaaaa cgtccgcaac latgacggtt 180 
cctggtccga gtggggcaac alggtgcgca tgcccatcgt ccagggtgat gagccgggct 240 
cactctaglc accccggggt cacctccclg gtcacccccg laccclcccg ggtacacccc 300 
ggggacgggg Iglgacctgg atctcccctg catgtggaca ccgggaaact tlgcclggga 360 
aatgaccatc cagtaccgla algcggglat gttaacgcgg tcacagggta caccagaalc 420 
cggalcgtct aaccccctta gcgggattcg ctaaaagatc accgagtlag igtgcaagaa 480 
taatgctgat cgcaggggca ctgtcatacg ctgtcatgca gtcaatgaac aglgcggtgc 540 

-tc Igtcgtga-agaaaatcaa-aaccaggagg-gt 1 1 ta ^gtg Jxa glc„ gag„acc. agg:_.5.94. 

Val Ser Val Glu Thr Arg 
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1. 5 ■ 

aag ate acc aag gla ctt gtc gcc aac cgl ggt gaa ate gca ate cgt .642 
Lys He Thr Lys Va! Leu Val Ala Asn Arg Gly Glu He Ala He Arg 

10 15 ^ , , 20 . ; 

gtt ttc cgc gca gca egg gat gaa ggc ale gcc tcl gtc gcc glc tac 690 
Val Phe Arg Ala Ala Arg Asp Glu Gly lle'Ala Ser Val Aia Val Tyr 

25 / 30 '35 

gcg gag. cog gac gca gat gcc cct ttc gtc gag tat get gat gag gcc ' 738 > ^ 
Ala Glu Pro Asp Ala Asp Ala Pro Phe Val Glu Tyr Ala Asp Glu Ala , 

40 . . 45 «• . 50 . : 

ttc gca etc gg\ ggc eag act tec gcagag tec tac etc gtc att gac 786 
Phe Ala Leu Gly. Gly Gin Thr Ser Ala Glu Ser Tyr Leu Val He Asp ' . 

55 60 65 . 70 

aag ate att gac gca gca cgc aag tec ggt gea'gae get gtc cae cce 834 
20 Lys He lie Asp AJa Ala Arg Lys Ser Gly Ala Asp Ala Val His Pro 

.75 -80: - V , ■: gS;. 

ggc tac ggc lie etc gee gag aac gee gat ttc get gaa get glc ate 882 
Gly Tyr Gly Phe Leu Ala Glu Asn Ala Asp Phe Ala Glu Ala Val Me 

25 . 90 ■ , 95 100 ; ; v: 

aac gag ggc etg ate tgg atc gga cea tee cct gag fee ate cgl tec. v930 * 
Asn Glu Gly Leu He Trp He Gly Pro Ser Pro Glu Ser He Arg Ser 
105 : ' 110 115 - 

30 etc ggt gac aag gtc ace gca cgc cac ate gcc aac aac gcc aac gca 978 . 1 

Leu Gly Asp Lys Val Thr Ala Arg His He.Aia Asn Asn Ala Asn Ala ^ 

120 • 125 . 130 

ccg atg gca cog ggc ace aag gag cct gtc aag gac gee get gag gtt 1026:. . x 
35 Pro Mel Ala Pro Gly Thr Lys Glu Pro Val Lys Asp Ala Ala Glu Val 

135 140 ' 145 1 50 . 

gtc gee tie gcc gag gag ttc ggt etc ccc ale gcc ate aag get gcc 1074 
Val Ala Phe Ala Glu Glu Phe Gly Leu Pro He Ala lie Lys Ala Ala . 

155 , 160 165 

ttc ggt ggc ggc gga cgt ggc atg aag gtc gcc tac gag atg gac gag ,1122 . ' 
Phe Gly Gly Gly Gly Arg Gly Mel Lys Val Ala Tyr Glu Met Asp Glu 

• 170 ,175- 180 . ■ - 

gtc gcc gac etc- lie gaa Icc gcc. acc cgt gag gcc acc gcc gcc ttc 1170 
Val Ala Asp Leu- Phe Glu Ser- Ala Thr Arg Glu Ala Thr Ala Ala Phe 

185 190 - 195 

ggt cgt ggt gag tgc t tc gtg gag cgc tac clg gac aag gcc -cgc cac 1218 . 
Gly Arg. Gly Glu Gys Phe Val Glu Arg Tyr Leu Asp Lys Ala Arg His 

200 , . - ■ : 205: 210 
gtc gag^gea cag glc ate gcc gacaag cac ggc aae gtt gtg.glc gcc 1266 
Val Glu Ala Gin Val He Ala Asp Lys His Gly Asn Val Val. Val 'Ala . 
215 : . 220 225 230 
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ggt acc cgt gac tgc tec clg cag cgt cgt ttc cag aag etc glc gag 1314 
G 1 v_Th r_A r g_As D_C_v s_S er Leu Gin Arg Arg Phe Gin Lys Leu Val Glu 

235 240 • 245 . . . 

gag gea ccg gca ccg tic etc acc gat gag cag cgt gac cgc ate cac 1362 
Glu Ala Pro Ala Pro Phe Leu Thr Asp Glu Gin Arg Asp Arg He His 

. 250 255 • , 260 

tec tec gcc aag get ate, tgc cgc gag gcc ggt tac tae ggt gee ggc 1410 
Ser Ser Ala Lys Ala lie Cys Arg Glu Ala Gly Tyr Tyr Gly Ala Gly 

265 ' 270 275 , 

acc gig gag tac clg gtc ggt tec gac gga ctg ate tec tie elg gag 1458 
Thr Val Glu Tyr Leu Val Gly Ser Asp Gly Leu lie Ser Phe Leu Glu 

280 285. 290 

gtc aac acc cgc clg cag gig gag cac ccc gtc acc gag gag acc acc 1506 
Val Asn Thr Arg Leu Gin Val Glu His Pro Val Thr Glu Glu Thr Thr 
295 300 305 310 

ggc ate gac ctg gtg cgc gag atg ttc cgc ate gcc gag ggc gcc gag 1554 
Gly lie Asp Leu Val Arg Glu Met Phe Arg Me Ala Glu Gly Ala Glu 

315 320 325 ; 

etc tec ate aag gag gac ccg acc cca cgc ggc cac gcc ttc gag tie 1602 
Leu Ser He Lys Glu Asp Pro Thr Pro Arg Gly His Ala Phe Glu Phe 

330 335 340 

cgc ate aac ggc gag gac gca ggc tec aac ttc atg ccc gca ccg ggc 1650 
Arg He Asn Gly Glu Asp Ala Gly Ser Asn Phe Met Pro Ala Pro Gly 

345 350 . 355 

aag ale acc cgc tac cgt gag ccc gcc ggc ccg ggt gtc cgc atg gac 1698 
Lys He Thr Arg Tyr Arg Glu Pro Ala Gly Pro Gly Val Arg Met Asp 

360 365 3.70 

tec ggc gtl gtc gag ggt tec gag ate tec ggc cag ttc gac tec atg 1746 
Ser Gly Val Val Glu Gly Ser Glu lie Ser Gly Gin Phe Asp Ser Met 
375 380 385 390 

ctg gcc aag ctg ate gtc tgg ggc cag acc cgt gag cag gcc ctg gag 1794 
Leu Ala Lys Leu He Val Trp Gly Gin Thr Arg Glu Gin Ala Leu Glu 

395 ' 400 405 

cgt tec cgt cgt geg etc ggc gag tac ale gtc, gag ggc atg ccg acc 1842 
Arg Ser Arg Arg Ala Leu Gly Glu Tyr He Val Glu Gly Met. Pro Thr 

410 415 420 

gtc ate ccg tic cac tec cac ate glc tec aac ccg gca ttc gtc ggt 1890 
Val He Pro Phe. His Ser His He Val Ser Asn Pro Ala Phe Val Gly 

425 ,430 . 435 

gac ggc gag ggc tie gag gtc tac acc aag tgg ate gag gag gtc tgg 1938 
Asp Gly Glu Gly Phe, Glu Val Tyr Thr. Lys Trp He Glu Glu Val, Trp . 

-__^.J4.0 445 _j^ _ : .. .__J*10__ 

gac aac ccg ate gag ccg He gtc gat gca- gcc gac etc gac gac gag 1986 
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Asp Asn Pro He Glu Pro Phe Val Asp Ala Ala Asp Leu Asp Asp GIu 
I 455 460 465 470 

5 gag aag acc ccg leg cag aag gtc ate gtc gag ate gac ggc cgc cgc 2034 

Glu Lys Thr Pro Ser Gin Lys Val He Val Glu He Asp Gly Arg Arg 

475 480- 485 ' 

gtc gag gtg gel etc ccg ggc gac etc gel etc ggc ggl ggc gca ggt 2082 

10 Val Glu Val Ala Leu Pro Gly Asp Leu Ala Leu Gly Gly Gly Ala Gly 

490 495 600 

gcc gee aag aag aag ccg aag aag cgl cgc gca ggl ggc gcc aag gcc 2130 

Ala Ala Lys Lys Lys Pro Lys Lys Arg Arg Ala Gly Gly Ala Lys Ala 

15 505 510 515 

ggt gtc tec ggt gac tee gtc gca gcc ccg atg cag ggc acc gtc ate 2178 

Gly Val Ser Gly Asp Ser Val Ala Ala Pro Met Gin Gly Thr Val. He 
520 525 530 

20 aag gtc aac gtt gag gac ggc gcc gag gtc lee gag ggt gac acc gtc 2226 

Lys Val Asn Val Glu Asp Gly Ala Glu Val Ser Glu Gly Asp Thr Val 
535 540 ' 545 550 

gtg gtt etc gag gcc atg aag atg gag aac ccg gtc aag gcc cac aag 2274 

25 Val Val Leu Glu Ala Met Lys Met Glu Asn Pro Val Lys Ala His- Lys • 

555 ^ 560 ' 565 

icc ggt acc gtc tec ggt clg acc ale gcc gcg ggl gag ggc gig acc 2322 

Ser Gly Thr Val Ser Gly Leu Thr He Ala Ala Gly Glu Gly Val Thr 
30 570 575 580 

aag ggt cag gtt etc clg gag ale aag taalcccttc agggaacaga 2359 

Lys Gly Gin Val Leu Leu Glu He Lys 

5'85 • 590 

35 cagccclgtl ct 2381 

<2io> 4 • - . . 

<211> 591 

^° <212> PRT • 

<213> Corynebacteriun thennoami nogenes 

<400> 4 

Val Ser Val Glu Thr Arg Lys He Thr Lys VaT Leu Val Ala Asn Arg 
I 5 iO 15 ■ i 

Gly Glu He Ala He Arg Val Phe Arg Ala Ala Arg Asp Glu Gly He' 

20 - -25 • 30 

Ala Ser Val Ala Val Tyr Ala Glu Pro Asp Ala Asp Ala Pro Phe Val 

35 . 40 ■ ■ . 45 ■ 

Glu Tyr Ala'Asp Glu Ala Phe Ala Leu ClyCly Gin Thr Ser Ala Glu 

50 55 60 

Ser Tyr Leu Val He Asp Lys He He Asp Ala Ala Arg Lys Ser Gly- 
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65 

A l A f> r\ A 1 o VnJ 

Phe Ala Glu Ala 
100 

Pro Glu Ser lie 
115 

Ala Asn Asn Ala 
130 

Lys Asp Ala Ala 
145 

He Ala He Lys 



Ala Tyr 

Glu Ala 

Leu Asp 
210 

Gly Asn 
225 

Phe Gin 

Gin Arg 

Gly Tyr 

Leu lie 
290 
Yal Thr 

305 

He Ala 

Gly His 

Phe Met 

Pro Gly 
370 
Gly Gin 
.385 

-Arg' Glu 



Giu Met 
180 
Thr Ala 
195 

Lys Ala 

Val Yal 

Lys Leu 

Asp Arg 
260 
Tyr Gly 
275 

Ser Phe 

Glu Glu 

Glu Gly 

Ala Phe 
340 
Pro Ala: 
355 

Val Arg 
Phe Asp 
-Gin-Ala 



55 



Ui c Prn 

85 

Yal lie 

Arg Ser 

Asn Ala 

Glu Val 
150 
Ala Ala 
165 

Asp Glu 

Ala Phe 

Arg His 

Val Ala 
230 
Val Glu 
245 

Me His 

Ala Gly 

Leu Glu 

Thr Thr 
310 
Ala Glu 

325 

Glu Phe 

Pro Gly 

Mel Asp 

Ser Met 
390 
Leu- Glu 
405 



70 . 75- 

-G lv_Ty.r_G.!-y— P-h,e_l eu. 

' 90 . 

Leu He 



Ala Glu Asn 



80 

Ala Asp 



Asn Glu Gly 
105 

Leu Gly Asp 
120 

Pro Met Ala 

135 : : 

Val Ala Phe 

Phe Gly'Gly 

Val Ala Asp 
185 

Gly Arg Gly 

.200 
Val Glu Ala 

215- 

Gly Thr Arg 
Glu Ala Pro 

Ser Ser Ala 

265 

Thr Val Glu 

280 
Val Asn Thr 
295 

Gly He Asp 

Leu Ser He 

Arg He Asn 
■ .345 
Lvs He Thr 

360 
Ser Gly Val 
375 / 
Leu Ala Lys 

-Arg,-Ser_Arg 



Lys Val 
Pro Gly 



Ala Glu 
,155 
Gly Gly 
170 • 
Leu Phe 

Glu Cys 

Gin Val 

Asp Cys 
235 
Ala Pro 
250 

Lys Ala 

Tyr Leu 

Arg Leu 

Leu Yal 
315 
Lys Glu 
330 

Gly Glu 

Arg Tyr 

Yal Glu 

Leu He 
395 
Arg_ Ala 
410 



Trp He Gly 

no 

Thr Ala, Arg 

125 
Thr Lys Glu 
140 

Glu Phe Gly 

Arg Gly Met 

Glu Ser Ala 
190 

Phe. Val Glu 
205 

I le Ala Asp 

220 

Ser Leu Gin 

Phe Leu Thr 

He Cys Arg 
270 

Val Gly Ser 
285 

Gin Val Glu 
300 

Arg Glu Met 

Asp Pro Thr 

Asp Ala Gly 
350 

Arg Glu Pro 
365 

Gly Ser Glu 

380 - 

Val Trp Gly 

Lej _G!y_Gl.u 



95 

Pro Ser 

His He 

Pro Val 

Leu Pro . 

160; 
Lys Val 
175, 
Thr Arg 

Arg Tyr 

Lys His 

Arg Arg 
240 
Asp Glu 
255 

Glu Ala 

Asp Gly 

His Pro 

Phe Arg. 

320 
Pro Arg 
335 

Ser Asn 

Ala Gly 

Me Ser 

Gin Thr 
400 

415 ' 
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Pro Phe His Ser His lie Val Ser 
425 430 
GIu Gly Phe Glu Val Tyr Thr Lys 
445 

Pro He Glu Pro Phe Val Asp Ala 
460 

Thr Pro Ser Gin Lys Val He Val 
475 480 
Val Ala Leu Pro Gly Asp Leu Ala 

490 495 
Lys Lys Lys Pro Lys Lys Arg Arg 
505 -510 
Ser Gly Asp Ser Val Ala Ala Pro 
525 . 

Asn Val Glu Asp Gly Ala Glu Val 
540 

Leu Glu Ala Met Lys Met Glu Asn 

555 560 • 

Thr Yal Ser Gly Leu Thr He Ala 

570 575 
Gin Val Leu Leu Glu He Lys 
585 ■■ 590 

<210> 5 - 

<2H> 2128 

<212> DNA . 

<2I3> Corynebacterium Ihermoaminogenes 

<220> . 

<221> CDS . ■ 

<222> (339). . (1967) 

<400> 5 

gctgtcattc cgaccacatt cgccccggga tccgggctcc accacclccc ggacccatgc 60 
cccatacctg cggaaaccac gggaaacacg ggaaaaaccg ale teat tea gaccggcggg 120 
atccacctgt; ggaacagtca gcggcgcggc" catggagggc agcgacaggt gacgtccgag 180 
cacccggltc cccaccglgg acacggcalt gatcegacac ggtggggata gtltcatgcl 240 
gaaaaaclat cgclgtgcag ggaggatccg gaatgtgacc lat t tcatgg agaaatgat t 300 
glggacgala cccccgggta cggctaccat tccaaaac atg acc all icc tea cct 356 

Met Thr He Ser Ser Pro 
1 5 

tig all gac igtc get aac ctg oca gac ate aac acc acc gee ggc aag 404 
Leu He Asp Val Ala Asn Leu Pro Asp He Asn Thr Thr Ala Gly Lys 



Val Glu Gly Met Pro Thr Val He 
420 

Asn Pro Ala Phe Val Gly Asp Gly 
435 440 
Trp He Glu Glu Val Trp Asp Asn 

450 455 
Ala Asp Leu Asp Asp Glu Glu Lys 
466 ■ 470 

Glu He Asp Gly Arg Arg Val Glu 
485 

Leu Gly Gly Gly Ala Gly Ala Ala 
500 

Ala Gly Gly Ala Lys Ala Gly Val 
515 520 
Mel Gin Gly Thr Val He Lys Val 

530 535 
Ser Glu Gly Asp Thr Val Val Val 
545 550 
Pro Val Lys Ala His Lys Ser Gly 
565 

Ala Gly Glu Gly Val Thr Lys Gly 
580 



_452 
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10 15 20 

— — a-i-c-gcc-gac-c-t-g-aag-gce-c-gc-&gg-gcg-gaa-g€.c_cac_tJ.x_C-cx 

lie Ala Asp Leu Lys Ala Arg Arg Ala Glu Ala His Phe Pro Met Gly 

25 30 35 . 

gaa aag get gta gag aag gtc cac gcg gcc aac cgc etc acc gcg cgc .500 
Glu Lys Ala Val Glu Lys Yal His Ala Ala Asn Arg Leu Thr Ala Arg 

40 45 60 .. ■ • 

gaa cga ctl gac tac ctg etc gat gaa ggc tec tic ate gaa acc gat 548 
Glu Arg Leu Asp Tyr Leu Leu Asp Glu Gly Set Phe lie Glu Thr -Asp 
55 60 65 70 

cag etc gca cgc cac cgc acc acc gcg ttc ggc etg ggc aac aag cga 596 •- 
Gin Leu Ala Arg His Arg Thr Thr Ala Phe Gly Leu Gly Asn Lys Arg 

.75 80 . 85 

ccg gcc acc gac ggc ate gtc acc ggc tgg ggc acc ate gac ggc cgc 644 
Pro Ala Thr Asp Gly He Val Thr Gly Trp Gly Thr He Asp Gly Arg 

90 95 100 

gag gtc tgc ate ttc tec cag gac ggc acc gtc ttc ggt ggc gca etc 692 
Glu Val Cys He Phe Ser Gin Asp Gly Thr Val Phe Gly Gly Ala Leu. 

105 no • H5 

ggt gag gtc tac ggc gag aag atg ate aag ate atg gag ctg gcc ate 740 
Gly Glu Val Tyr Gly Glu Lys Met He Lys He Met Glu Leu Ala He 

120 125 130 

gac acc ggc cgc cea etc ate ggc ctg lac gag ggt gca ggt gcc cgc 788 
Asp Thr Gly Arg Pro Leu He Gly Leu Tyr Glu Gly Ala Gly Ala Arg 
135 140 145 150 

ate cag gac ggt gcg gtc t.cc etc gac ttc ate tec cag acc ttc tat 836 
35. He Gin Asp Gly Ala Yal Ser Leu Asp Phe He Ser Gin Thr Phe Tyr 

155 160 165 

cag aac ate cag gcc tec ggc gtg ate ccg cag ate tee gtg ate atg 884 
Gin Asn He Gin Ala Ser Gly Val He Pro Gin He Ser Val lie Met 
40 , 170 1 75 • ' 180 . 

ggt gcc tgc gcc ggt ggc aac gee tac ggc ccg gcc ctg acc gac ttc 932 
Gly Ala Cys Ala Gly Gly Asn Ala Tyr Gly Pro Ala Leu Thr Asp Phe 

185 190 195 

gig gtc atg gtg gac aag acc teg aag atg ttc gtc acc ggc ccc gat 980 
Val Yal Met Val Asp Lys Thr Ser Lys Met Phe Val Thr Gly Pro Asp 

200 205 . 210 

gig ate aag acc gtc acc ggc gag gag ale acc cag gag gag etc ggc 1028 
^° Val He Lys Thr Val Thr Gly Glu Glu He Thr Gin Glu Glu Leu Gly 

215 . 220 . .225 230 

gga gca acc acc cac atg gtc acc gcc ggc aac tec cac tac acc gtc 1076 

^Gly Al a-Thr-Thr- His -Mel-VaUT-hr_-Ala. Gly Asn . Ser His. Tyr Jhj VaJ _ _ 

55 . • 235 ■• ■■ 240 ■ .■ • ■ 245 ' 
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gcc acc gat gag gag gcc etc gac tgg gtc cag gac ctc.alc tec ttc 1124 
Ala Thr Asp Glu Glu Ala Leu Asp Trp Val Gin Asp Leu He Ser Phe 

■ 250 255 260 

ctg ccc Icc aac aat cgc tc: tac gcc ccg gtg gag gag ttc gac gag 1172 
Leu Pro Ser Asn Asn Arg Ser Tyr Ala Fro Val Glu Glu Phe Asp Glu 

265 ^ •: • 270 , 275 ' ' , . . . 

gag gac ggt ggc ate gcc gag aac ate acc gcc gal gac ctg aag ctg 1220 
Glu Asp Gly Gly lie Ala Glu Asn lie Thr Ala Asp Asp Leu Lys Leu 

280 . ■ ■: 285 y ■ - 290 ' ' 

gat gag ate atc'ccg gat tec gcc acc gtg ccc tat gat gtc cgc gac 1268 
Asp Glu lie He. Pro Asp Ser Ala Thr Val Pro Tyr Asp Val Arg Asp 
295 ■ 300 305 , 310 ' 

gtc ate cag Igc ctg acc gac gae ggt gag tac ctg gag ate cag gcc 1316 
Val lie Gin Cys Leu Thr Asp Asp Gly Glu Tyr Leu Glu He Gin Ala 

-315 320 ■■, 325 

gac cga gcc gag aat gtc glc.atc gcc ttc ggc cgc ate gag ggc cag 1364 
Asp Arg Ala Glu Asn Val Val He Ala Phe Gly Arg lle^Glu Gly Gin 

330- 335 340 

tec. gtc ggt ttc gtc gcc aac cag ccg acc cag ttc gcc ggc tgc ctg 1412 
Ser Val. Gly Phe Val Ala Asn Gin Pro Thr Gin Phe Ala Gly Cys Leu 

345 350 : 355 

gac ale gac tec tec gag aag gca gcc cgc ttc gtc cgc acc tgc gat 1460 
Asp lie Asp Ser Ser Glu Lys Ala Ala Arg Phe Va! Arg Thr Cys Asp 

.360 365 . 370 . • 

gcc lie aac ale ccg ate gtc atg cit gtc gac gtc ccc ggc ttc cic 1508 
Ala Phe Asn He Pro He Val Mel Leu Val Asp Val Pro Gly Phe Leu 
375 , 380 385 390 

ccc ggt gcc ggc cag gag tac ggc ggc ale ctg cgt cgt ggc gee- aaa 1556 
Pro Gly Ala Gly Gin Glu Tyr Gly Gly He Leu Arg Arg Gly Ala Lys . 

395 • 400 ■ • . ■ . 405. , - 

ctg etc tac gcc tac ggt gag gcc acc gtc ccg aag ate acc gtg acc 1604 
Leu Leu Tyr Ala Tyr Gly Glu Ala Thr Val Pro Lys He Thr Val Thr 

410 • • 415 ■ ■ , . 420 

atg cgc aag gee tac ggc ggt gcg lac ig'i glc atg gga tec aag ggt 1.652 
Met Arg Lys Ala Tyr Gly Gly Ala Tyr Cys Val Met Gly Ser Lys Gly 
425 430 ■ ■ 435 ■ 

ctg ggc gca gac ale aac ctg gcc igg ccg acc gcg cag ate gcc glc 1700- 
Leu Gly Ala Asp He Asn Leu Ala Trp Pro Thr Ala Gin He Ala Val 

440 445 ' . /450 

atg ggt gcc gcc ggc gcg gtc cag tile ale tac cgc aag gag etc atg 1748 
Met Gly Ala Ala Gly Ala Val Gin Phe He Tyr Arg Lys Glu Leu Met- 
455 460 ' 465 . ... 470 

gcc gel gat gcc aag ggc ctg gac acc gtc gcc ctg gcc cag Icc He 1796 
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Aia Ala Asp Ala Lys Gly Leu Asp Thr Yal Ala Leu Ala Gin Ser Phe- 

i 475 ■ . - , 4 8 0 . ■■ 485 : 



gag 


eg I 


gag 


tac 


gag gac cac atg 


etc aac ccg tac ctg gcg gcc gag 


1 SIAA 


Glu 


Arg 


Glu 


Tyf 


Glu Asp His Met 


Leu Asn rfOiyr Leu mi a Aia oiu 








490 




DWKJ 




cgt 


ggc 


etc 


ale 


gac gcg gig ate 


cig ccg icc gag acc cgi ggc cag 


J o ^ ^ 


Arg 


Gly 


Leu 


He 


Asp Ala Val lie 


Leu rro oer uiu inr Arg uiy bin 








505 




510 


515 




ate 


go a 


cgc 


aac 


ctg cgt ctg etc 


aag cac aag aat gtc tec cgc cct 


1940 


He 


Ala 


Arg Asn 


Leu Arg Leu Leu 


Lys His LysAsn Val Ser Arg Pro 






520 






525 ' 


530.\ 




gcc 


cgc 


aag 


cac 


ggc aac atg cca 


clg taagcacccg ggaccacccc 


1987 


Ala 


Arg 


Lys 


His 


Gly Asn Met Pro 


Leu 




535 








540 







ctacgcccgc acccacggcc ctttgctggc agglgcgggc gctgtgcgtt ttccgcgcct 2047 
gccgacgccc ggccccctgc cctgtgalgc gatctgcgga tgtgatctgc gcccgcgcca 2107 
actcccctgg ttgaaccctg c 2128 

<210> 6 

<211> 543 

<212> PRT 

<213> Corynebacteriuin thendoaminogenes , . 



30 





<400> 6 


















Met 


Thr 


lie Ser Ser Pro Leu 


He 


Asp 


Val 


Ala 


As; n Leu Pro 


Asp He. 




1 




5 






. 10 






15 , 


35 


Asn 


Thr 


Thr Ala Gly Lys He 


Ala 


Asp 


Leu 


Lys 


Ala Arg Arg Ala Glu 








20 




25; 






30 






Ala 


His 


Phe Pro Met Gly Glu 


Lys 


Ala 


Val 


Glu 


Lys Val His 


Ala Ala 








35 , 


40 








. 45 




40 


Asn 


Arg 


Leu Thr Ala Arg Glu Arg Leu 


Asp 


Tyr 


Leu Leu Asp 


Glu Gly 






50 


•55 










60 






Ser 


Phe 


He Glu Jhr Asp Gin 


Leu 


Ala- 


Arg 


His 


Arg Thr Thr 


Ala Phe 




65 




70 








75 




80 


'45 


Gly 


Leu 


Gly Asn Lys Arg Pro 


Ala 


Thr 


Asp 


Gly 


He 'Val Thr 


Gly Trp 






■ : 85 . 






90 






95 




Gly 


Thr 


lie Asp Gly Arg Glu Val 


Cys 


He 


Phe 


Ser Gin Asp 


Gly Thr 








100 




105 






no 




SO 


Val 


Phe 


Gly Gly Ala Leu Gly 


Glu 


Val 


Tyf 


Gly 


Glu Lys Met 


He Lys 








115 


120 








125 






He 


Mel 


Glu Leu Ala 1 le Asp 


Thr 


Gly 


Arg 


Pro Leu Jle Gly Leu Tyr 






-130. 
















) 55. 


Glu 


Gly 


Ala Gly Ala Arg He 


Gin 


Asp 


Gly 


Ala 


Val Ser Leu 


Asp Phe 
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145 150 
He Ser Gin Thr Phe Tyr Gin Asn He 
165 

Gin He Ser Val He Met Gly 
180 

Thr Asp Phe Val 



10 



20 



25 



30 



35 



40 



Pro Ala Leu 
195 

Phe Val Thr 

210 
Thr Gin Glu 

225 

Asn Ser His 

Gin Asp Leu 

Val Glu Glu 
275 

Ala Asp Asp 

290 
Pro Tyr Asp 
305, 

Tyf Leu Glu 

Gly Arg lie 

Gin Phe Ala 
355 

Phe Val Arg 

370 
Asp Val Pro 
385 

Leu Arg Arg 

Pro Lys I le 

Val Met Gly 
435 

Thr Ala Gin 

450 
Tyr Arg Lys 

465 " 

Ala Leu Ala 



55 



Gly Pro Asp Val 
215 

Glu Leu Gly Gly 
230 

Tyr Thr Val Ala 
245 

He Ser Phe Leu 
260 

Phe Asp Glu Glu 

Leu Lys Leu Asp 

295 

Val Arg Asp Val 
310 

lie Gin Ala Asp 
325 

Glu Gly Gin Ser 
340 

Gly Cys Leu Asp 

Thr Cys Asp Ala 
. . • .'375 
Gly Phe Leu Pro 
390 

Gly Ala Lys Leu 
405 

Thr Val Thr Met 
420 

Ser Lys Gly Leu 

lie Ala Val Met 
455 

Glu Leu Mel Ala 

, . ■ 470 ■ 
Gin Ser Phe Glu 
■ -485 



Ala Cys 
185 
Val Met 
200 

He Lys 



Ala Thr 

Thr Asp 

Pro Ser 
265 
Asp Gly 
280 

Glu He 

lie Gin 

Arg Ala 

Val Gly 
345 
He Asp 
360 : 
Phe Asn 

Gly Ala 

Leu Tyr 

Arg Lys 
425 
Gly Ala 
440 

Gly Ala 
Ala Asp 
Arg Glu 



155 
Gin Ala 
170 

Ala Gly 

Val Asp 

Thr Val 

Thr His 
235 
Glu Glu 
250 

Asn Asn 

Gly lie 

1 le Pro 

Cys Leu 
315 
Glu Asn 
330 

Phe Val 

Ser Ser 

lie Pro 

Gly Gin 
395 
Ala Tyr 
410. 
Ala Tyr 

Asp He 

Ala Gly 

Ala Lys 
475 
Tyr Glu 
490 



Ser Gly Val 

Gly Asn Ala 
190 

Lys Thr Ser 
205 

Thr Gly Glu 
220 

MelVal Thr 

Ala Leu Asp 

Arg Ser .tyr 
270 

Ala Glu Asn 

285 
Asp Ser Ala 
300 

Thr Asp Asp 

Val Val He 

Ala Asn Gin 
350 

Glu Lys Ala 

365 
lie Val Met 
380 

Glu Tyr Gly 

Gly Glu Ala 

Gly Gly Ala 
430 

Asn Leu Ala 

445. 
Ala Val Gin 

460 ■ ■ 

Gly Leu Asp 
Asp His Met 



160 
lie Pro 
175 

Tyr Gly 

Lys Met ■ 

Glu He 

Ala Gly 
240 
Trp Val 
255 

Ala Pro 

He Thr 

Thr Val 

Gly Glu 
320 
Ala Phe 
335 

Pro Thr 

Ala Arg 

Leu Val 

Gly He 
400 
Thr Val 

■415- . . 
Tyr Cys 

Trp Pro 

Phe He 

Thr Val 
480 
Leu Asn 
.495 
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Pro Tyr Leu. Ala Ala Glu Arg Gly Leu. He Asp Ala Val lie Leu Pro 

Ser Glu Thr Arg Gly Gin lie Ala A-rg Asn Leu Arg, Leu Leu Lys His 

., 515 520 : 525 , 

Lys Asn Val Ser Arg Pro Ala Arg Lys His Gly Asn Met Pro Leu 
530 535 540 

<210> 7 - - ' - 

<211> 2076 . . : . ' ■ ' ' ' • 

<212> DNA 

<213> Corynebacterium thermoaniinogenes . 

.<220> - 
<221> CDS 

<222> (412). . (2022) 
<400> 7 

acgcccggcc ccctgccclg tgatgcgatc tgcggalgtg atctgcgccc gcgccaactc 60 
ccctggttga accctgccac ataccctgag tcgcacclgg gtgggglcac ttlccacctc 120 
acgggggggavggaggt caca. taggccatac- gc tgcact 1 1 Igalgaagtg. tgggcagatc 180 
gaccgggcaa ^atctgggaaa taaggggGct ggigaactag- caltxccct t . agcgaagggt 240 
gagcatcgcgigaccccgcga tgtcccaacc. ggtcgtaaat tcatgtgccg .ccacagtccc 300 
ct caccaggg: gatcggaacc agcccagccl; gal tccggcg tgacggaccl caccgtgaac: 360 
aagtccccgc altactcaca gaactcacac caggatttag actaagaaac c atg act 417 

Met Thr 

' . ■ " ■ • ' ■ 1' 

gca gca acg aca gca cct gat clg acc acc acc gcc ggc aaa etc gcg . 465 
Ala Ala Thr Thr.^Ala Pro Asp Leu Thr Thr Thr Ala Gly Lys Leu Ala 

5 10 .15 

gat etc cgc gcc cgc cl I tec gag acc cag gcc ccc atg ggl cag gcc 513 
Asp Leu Arg Ala Arg Leu Ser Glu Thr Gin Ala Pro Mel Gly Gin Ala 

20' 25 : 30 . ■ 

tec gtg gag aag gig ca.c gag gca ggg aag aag acc gca cgc gag cgc 561 
Ser Val Glu Lys Val His Glu Ala Gly Lys Lys Thr Ala Arg Glu Arg 
35 40 45 50 

ate gag tac ctg etc gat gag ggc tec tic gtt gag gtc gat gcc etc 609 
He Glu Tyr Leu Leu Asp Glu Gly Ser Phe Val Glu Val Asp Ala Leu 

.55 ' 60 • . 65 • 

gcc cgc cac cgt tec aag aae ttc ggc ctg gac tec aag cgc ccg gtc 657^ 
Ala Arg His Arg Ser Lys Asn Phe Gly Leu Asp Ser Lys Arg Pro Val 
; ; 70 : • '75 ■ . • - 80 . 
1- -acc gac-gg-t..g.lg_g t c_ac.c. _ggj „tac .ggc_ a_cc aU. gac^ga cgc aag gj c j .705^ 
Thr Asp Gly Val Val Thr Gly Tyr Gly Thr lie Asp Gly Arg Lys Val 
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85 .90 95 

Igc gtc ttc Icc cag gac ggc gel ate Itc ggc ggl gcc etc ggt gag 753 

Cys Val Phe Ssr Gin Asp Gly Ala He Phe Gly Gly Ala Leu Gly CIu 

100 • . ]05 110 

gtc tac ggc gag aag ate gtc aag ate alg gac ctg gcc ate aag ace 801 

Val Tyr Gly Glu Lys He Val Lys lie Met Asp Leu Ala lie Lys Thr 

'•5 120 • 125 130 

ggl gtc ccc etc ate ggc ate aac gag ggc gcc ggc gcc cgc ate cag 849 

Gly Val Pro Leu lie Gly lie Asn Glu Gly Ala Gly Ala Arg lie Gin • 

135 140 145 

gaa ggc gtt gtc tec ctg ggc ctg tac tec cag ate ttc tac cgc aac 897 

Glu. Gly Val Val Ser Leu Gly Leu Tyr Ser Gin lie Phe Tyr Arg Asn 
. 150 . 155 160 

. acc cag gca tec ggt gtc ate cca cag ate tec etc ale atg ggl gee 945 
Thr Gin Ala Ser Gly Val lie Pro Gin He Ser Leu He Met Gly Ala • 

165 170 ■ 175 

tgc gcc ggt ggc cat gtg tac tec ccc gcc ctg acc gac ttc ate ate 993 
Cys Ala Gly Gly His Val Tyr Ser Pro Ala Leu Thr Asp Phe He He • " 

180 : ' .■ : 185 .190 

atg gtg gac aag acc tec aag atg ttc ate acc ggc ccc gac gtg ate 1041 
Met Val Asp Lys. Thr Ser Lys Met Phe He Thr Gly Pro Asp Val He 
195 200 . : 205 \ :. . 210 

aag acc gtc acc. ggc gag gag gtc acc cag gag gaa ctg ggt ggt gcc 1089 
Lys Thr Val Thr Gly Glu Glu Val Thr Gin Glu Glu Leu Gly Gly Ala 

... ^IS ■ 220 . . 225 

tac acc cac alg gee cag Icc ggc acc teg cac tac acc gca gcc gat 1137 
Tyr Thr .His Met Ala Gin Ser Gly Thr Ser His Tyr Thr Ala Ala Asp 
230 235 . • . 240 . • 

gac tec gat gcc etc gaetgg gtc cgt gag ctg gtc age tac ctg ccg 1185 
Asp Ser Asp Ala Leu Asp Trp Val Arg Glu Leu Val Ser Tyr Leu Pro 

■ 245 . ... 250 • . . , 255 

Icc aac aac cgt gcg gag acc cca cgc cag gac gcc gac ate alg gtg 1233 
Ser Asn Asn Arg Ala Glu Thr Pro Arg Gin Asp Ala Asp He Met Val • 

. 260 ■ 265 / no 

ggc tec ate aag gag aac ate acc gag acc. gac etc gaa etc gac acc 1281 
Gly Ser He Lys Glu Asn He Thr Glu Thr Asp Leu Glu Leu Asp Thr 

. 280 .. 285' • „ •. 290. - 

ctg ate ccg gat tec ccg aac cag ccg lac gac alg aag gac gtc ate 1329 
Leu He Pro Asp Ser Pro Asn Gin Pro Tyr Asp Met Lys Asp Val He 

• 295 . 300 . , . 305 

acc cgc ate gtc gat gat gcc gag Itc tie gag ate cag gag ggt lac 1377 
Thr Arg. He Val Asp Asp, Ala Glu Phe Phe'Clu He Gin G.lu Gly Tyr 
310 . 31.5 : ■ 320 . 



1219712A1_I. 



51 



EP 1 219 712 At 



10 



15 



20 



25 



30 



35 



40 



45 



gcc gag aac ate ale tgc ggt lie gee cgc gtc gag ggl cgt gcc gtg 1425 

— A"i"a~b'i'u~A$ti — rre^jTtr^cy i.,»-o — o — 

325 330 335 

ggt ate gig gcc aac cag ccg atg cag ttc.gcc ggc tgc ctg gac ate 1473 
Gly lie Val Ala Asn Gin Pro Met Gin Plie Ala Gly Cys Leu Asp lie 

340 345 ■ 350 

aag gca ice gag aag gcc gcc cgc ttc ate cgc ace tgt gac gcc ttc 1521: 
Lys Ala Ser Glu Lys Ala Ala Arg Phe Me Arg Thr Cys Asp Ala Phe 
355 360 : 365 370 

aac ate ccg ate ate gag ctt gtc gac gtc eca ggc ttc etc ccg ggc 1569 
Asn He Pro Me- I le Glu Leu Val Asp Val Pro Gly Phe Leu Pro Gly 

375, ■ -380 _ 385 

acc aac cag gag ttc gac ggc ate ate cgt cgc ggc geg aag ctg etc 1617 
Thr Asn Gin Glu Phe Asp Gly lie lie Arg Arg Gly Ala Lys Leu Leu 

390 395 400 

tac gcc tac gcc gag gcc acc gtc ggc aag ate acc gtg ate acc cgc 1.665 
Tyr Ala Tyr Ala Glu Ala Thr Val Gly Lys lie Thr Val. lie Thr Arg 

405 . . 410 415 

aag icc tac ggc ggt gcc tac tgc. gtg atg ggc tec aag gac atg ggl 1713 
Lys Ser. Tyr Gly Gly Ala Tyr Cys Val, Met Gly Ser Lys Asp Met Gly 

420 425 430 

gcg gac etc gtc ttc gca tgg ccc acc gcg cag ate, gcc gtc atg ggt 1751 
Ala Asp Leu. Val Phe Ala Tip Pro Thr Ala Gin lie Ala Val Met Gly 
435 440. 445 450 .- 

gcc tec ggt gee gtc ggc lie ate tac cgc aag gag etc aag cag get 1809 
Ala Ser Gly Ala Val Gly Phe He Tyr Arg Lys Glu Leu Lys. Gin Ala 

.455 460 \ 465 

gca gcg gcc ggc gag. gat gtc acc gcg ctg atg aag aag tac gag cag 
Ala Ala Ala Gly Glu Asp Val Thr Ala. Leu Met Lys Lys Tyr Glu Gin 

470 475 . 480 

gag tac gag gag acc ctg gtc aac ccg lac atg get gca gag cgt ggc 
Glu Tyr Glu Glu Thr Leu. Val Asn Pro Tyr Mel Ala Ala Glu Arg Gly 

485 ■ 490 495 

tac gtc gac gcc gtc ate cea eca tec gag acc cgt ggt cag ale ate 
Tyr Val Asp Ala Val 1 le Pro Pro Set Glu. Thr Arg Gly Gin He lie 

500 . 505 510 

gag ggt ctg cgt ctg etc gac cgc aag gtg gtc aac gtc ccg gcc aag 
Glu Gly Leu Arg Leu Leu Asp Arg Lys Val Val Asn Val Pro Ala Lys; 
515 520 525 530 

aag cac ggl aac ate ccg ctg taaaccgtct Icccctccgg caccacgccg 
Lys His Gly Asn He Pro Leu 

, -.5.35., _:_ _L _ J l i;,:.. 

55 gagaaggctt tgtccgcagc tgtc 



1857 
1905 
1953 
2001 
2052 
2076 
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<210> 8 •■ . 

<211> 537 • . : . 

<2i2> PRT ■ 
<2i3> Corynebacteriuin thernoaiDinogenes 

<400> 8 

Met Thr A!a AJa Thr Thr Ala Pro Asp Leu Thr Thr Thr Ala Gly Lys 

, ' • 5 10 15 . 

Leu Ala Asp Leu Arg Ala Arg Leu Ser Glu Thr Gin Ala Pro Met Gly 
• 20 25 ..- : 30 - ■ 

Gin Ala Ser Val Glu Lys Val His Glu Ala Gly Lys Lys Thr Ala Arg 

35. 40 • -45: 

Glu Arg He Glu Tyr Leu Leu Asp Glu Gly Ser Phe Val Glu Val Asp 

50 55 60 . 

Ala Leu Ala Arg His Arg Ser Lys Asn Phe Gly. Leu Asp Ser Lys Arg 
^5 70 .: . • 75 ■ . :80 

Pro Val Thr Asp Cly Val Val Thr Gly TyrGly Thr He Asp Gly Arg 

85 ■ ; 90. • . . 95 

Lys Val Cys Val Phe -Ser Gin AspGly AlaMe Phe Cly Gly Ala Leu 

IPO 105 110 

Gly Glu Val Tyr Gly Glu Lys He Val Lys He Met Asp Leu Ala He 

115 ■ ■ • 120^ 125 

Lys Thr. Gly Val Pro Leu He Gly He Asn Glu. Gly Ala Gly Ala Arg 
130 . . ■ : 135 ., 4p . 

lie Gin Glu Gly Val Val Ser Leu Gly Leu Tyr Ser Gin He Phe Tyr 
'^5 J50 155 , • 160 

Arg Asn Thr GIri Ala Ser Gly Val He Pro Gin He Ser Leu He Met 

165 170 . .. 175 . 

Gly Ala Cys Ala Cly Cly. His Val Tyr Ser Pro Ala Leu Thr Asp Phe 

180 . 185 ... 190 

He He Met Val Asp Lys Thr Ser Lys Met Phe He Thr Gly Pro Asp 

195 200 ; 205 

Val. He Lys Thr Val Thr Gly Glu Glu Val Thr Gin Glu Glu Leu Gly 

210 . 2J5 . . 220 

Gly Ala Tyr Thr His Met Ala Gin Ser Gly Thr Ser His Tyr Thr Ala • 
230 . 235 240 : 

Ala Asp Asp Ser Asp Ala Leu AspTrp Val Arg Glu Leu Val' Ser Tyr 
, e • 250 255 

Leu Pro Ser Asn Asn Arg Ala Glu Thr Pro Arg Gin Asp Ala Asp He' 

260 265 270 

Met Val Gly Ser He Lys Glu Asn He Thr Glu Thr Asp Leu Glu Leu 
275 280 285 
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,10 



15 



20 



25 



30 



35 



40 



Asp Thr Leu He Pro Asp Ser Pro Asn Gin Pro Tyr Asp Met Lys ■ Asp 

". - . - - . n n r - _1 C\_ 



Val lie- Thr Arg He Val Asd Asp Ala Glu Phe Phe Glu lie Gin G.lu 
305 310 315 320 

Gly Tyr Ala Glu Asn He lie Cys Gly Phe Ala Arg Val Glu Gly Arg 

325 330 335 

Ala Val Gly He Val Ala Asn Gin Pro Met Gin Phe Ala Gly Cys Leu 

340 ■ ■ 345 . 350 

Asp He Lys Ala Ser Glu Lys Aia Ala Arg Phe He Arg Thr Cys Asp 

355 360 365 

Ala Phe Asn He Pro He He Glu Leu Val Asp Val Pro Gly Phe Leu 
. . 370- .375. - - :, . . 380 

Pro Gly Thr Asn Gin Glu Phe Asp Gly He He Arg Arg Gly Ala Lys 
385 390 395 400 

Leu Leu Tyr Ala Tyr Ala Glu Ala Thr Val Gly Lys He Thr Val lie 

405 410 . 415 

Thr Arg Lys Ser Tyr Gly Gly Ala Tyr Cys Val Mel Gly Ser Lys Asp 

,420 425 • 430 

Mel Gly Ala Asp Leu Val Phe Ala Trp Pro Thr Ala Gin He Ala Val 

435 ■ 440 445 

Met Gly Ala Ser Gly Ala Val Gly Phe He Tyr Arg Lys Glu Leu Lys 

450 455 460 

Gin Ala Ala Ala Ala Gly Glu Asp Val Thr Ala Leu Met Lys Lys, Tyr. 
•465 ■ -470 •.475. - . • .-480 

Glu Cln Glu Tyr Glu Glu Thr Leu Val Asn Pro Tyr Met Ala Ala Glu 

485 490 495 

Arg Gly Tyr Val Asp Ala Val He Pro Fro Ser Glu Thr Arg Gly Gin 

500 ' 505 510 

He He Glu Gly Leu Arg Leu Leu Asp Arg Lys Val Val Asn Val Pro 

51 5 520 525, 

Ala Lys Lys His Gly Asn He Pro Leu ^ 

530 535 . • ' ••■ , 



<210>9. 
45 <l\\y 1643 



<212> DNA 

<21.3> Corynebacteriuir thermoaminogenes 



50 <220> . ■ • 

<221> CDS 

<222> (326) . - (1363) 

55 <40G> 9. 
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agcgcgccgg cagccaccag tgggalcgtg cccagcggac ggatgccgga Itcacggcgg 60 
icagccaccc gccgatgaga cctgcagcga caacggtggc ggigctgacc tggicagcgt 120 
5 ctllgagttl catatccatg Icagacaglc laaccactct clccgacgcg tccgaacatg 180 

ctggggtggc ggacaccatg tccgtlcggg cgtlgccccg acgggggaaa atcgcaggca 240 
gatglgtccg atgtgggata aacccaccgg ttcgggcgtg tcticgggat caatggcaca 300 
gcatlaaccg tgtggggggt ttaa( a(g gga gcc alg.cga all gcc acl etc 352 
, Met Gly Ala Mel Arg He Ala Thr Leu 

: : . - I . ' . , 5 

acg tea ggc ggc gac tgc ccc gga etc aal gel gtc ate ,agg gga ate 400 
Thi Ser Gly Giy Asp Cys Pro Gly Leu Asn Ala Val He Arg Gly He 
10 15 : . 20 25 

gtc cgt acc gca agl aal gaa He ggt icc acc glcgig ggi lai cag 448 
Val Arg ThrAla Ser Asn Glu Phe Gly Ser Thr Val VaJ Gly Tyr Gin 
■ 30 35 40 

20 gac ggc tgg gag ggc ctg clg gcg gac cga cgt gtl cag etc tat gac 496 

Asp Gly Trp Glu Gly Leu Leu Ala Asp Arg Arg Val Gin Leu Tyr Asp 

45 50 ■ . 55 - . . .. 

gat gag gac ate gac cge ate etg etc cgc ggt gga aca ale ctg ggc 544 - 
25 Asp Glu Asp He Asp Arg lie Leu Leu Arg Gly GJy Thr He Leu Gly 

60 . 65 . . .. . 70 •, ' 

acc ggt cgt etc cac ccc gac aag tic aga gcc gga ate gac cag glc 592 
Thr Gly Arg Leu His Pro Asp Lys Phe Arg Ala Gly He Asp Gin Val 

75 ■ 80 . 85 

aag gcg aal etc gcc gal gcg gga all gac, gca etc ate eeg ate ggt .640 ■ 
Lys Ala Asn Leu Ala Asp Ala Gly lie Asp Ala Leu He Pro ile Gly 
90 95 - ^ 100 , \ ,05 

ggc gag ggc ace etc aag gga gcg aag tgg etc gee gacaac ggc ate 688 • 
Gly Glu Gly Thr Leu Lys Gly Ala Lys Trp Leu Ala Asp Asn Gly He 

"0 115, ,. 120 . 

ccc gtg glc ggf gtc ccg aaa acc ate gac aal gal gtc aac ggc acg 736 
40 Pro Val Val Gly Val Pro Lys Thr He Asp Asn , Asp Val Asn Gly Thr ' ■ 

. 125 130 . : : 135 ' 

gat Itc ace tie ggt tic gat tec geg glc icl gig gcc aee gac gcc 784 
Asp Phe Thr Phe Gly Phe Asp Ser Ala Val Ser Val Ala Thr Asp Ala 

•40 145 ■ ,50 

ate gac egg etg cac acc acg gcg gaa tec cac aac cgt gtg alg ate 832 • 

He Asp Arg' Leu His Thr Thr Ala Glu Ser His :Asn Arg Val Met He 

155 J60 165 ' ' ■ 

gtc gag glc atg ggc cgc cac gtc ggi Igg ale gca clg calgcc ggc 880 
Val Glu Val Mel Gly Arg His Val Gly Trp He Ala Leu His Ala Gly . 

• 175 180 . , ,85. ; ' •■ 

atg gee ggt gga gcc cac lac acc, glc ale ccc gag gtg ccc tie "gac 928 

Met Ala Gly Gly Ala His Tyr Thr Val lie Pro Glu Val Pro Phe Asp : 



35 



INSOOCID: <EP 1219712A1 J_> 



55 



EP 1 219 712 A1 



. : 190 . 195 • 200- ■ • ; 

~ai"c~~t cg gag atic^rgc aag cffi a-ig-gcd-t-si— v--6ii— I rv,— >rus-»->-6— ooo— o"=>- 

lie Ser Giu He Cys Lys Arg Met Glu Arg Arg Phe Gin Mel Gly Glu - 

205 ■ 2J0. 215 ■. , 

aag tac ggc ate ate glc glc gcg gag ggt gcc ctg ccc aag gag gga 1024 
Lys Tyr Gly He He Val Yal Ala Glu Gly Ala Leu Pro Lys Glu Gly 

220 • 225 . 230 

acc atg gag clg cgt gag ggg gag gtg gat cag Itc ggt cac aag acc 1072 
Thr Met Glu Leu Arg Glu Gly Glu Val Asp Gin Phe Gly His Lys Thr 

235 240 . 245 

ttc acc ggc ale ggc cag cag ate gcc gac gag gig cat agg cgt ctg 1120 
- Phe Thr Gly lie Gly Gin GU He Ala Asp Glu Yal His Arg Arg Leu 
-250 255 • 260 265 

ggt cat gat gtc cgc acc acg gtc ctg ggc cat ate cag cgt ggt ggc 1168 
Gly His Asp Val Arg Thr Thr Val Leu Gly His He Gin Arg Gly Gly 

270 275 . ■ . 280' 

acc ccc acc gcc ttc gac cgt gtc ctg gcc acc egg tac ggt gtc cgc 1216. 
• Thr Pro Thr Ala Phe Asp Arg.Val Leu Ala thr Arg Tyr Gly Val Arg 
285 290 295 

gcc gcg cgt gce.tgc., cac. gag ggt, cag, ttc aac acc gtg. gtc gcg etc 1264 
Ala Ala Arg Ala Cys His Glu Gly Gin Phe Asn Thr Val Val Ala Leu 

300 ' 305 310 

aag ggg. gag. cgc ale egg atg ate. tec t tc gat .gag gee gtg ggc ace 1312 
Lys Gly Glu Arg He Arg Met He Ser Phe Asp Giu Ala Val Gly Thr. 

315 320 325 / 

ctg aag aag gtg ccg atg gaavcgc: tgg gtg.acc gcc cag get atg: tic 1360 
Leu Lys Lys- Val Pro Met Glu Arg Tro Val Thr. Ala Gin Ala. Met Phe. 
330 335.. 340^ 345 ^ 

ggt tagteaggee gcattcccgg ttcegcgccc gcggggccgg gt t t t ttcat .1413 

gicccggaac acatcggtal gaaategtga lalgcatiac ttgacgggga agtgggggat 1473 

ecgtcacctc gcgttgtcca actacagecc gcagcgcctg cgggaattct Icgagcaatc 1533 

cgccgattec ccggccegtc ccglcgccgi ccaaccgcag tacaatctgc tggcccgccg 1593 

ggattatgag aceggtatcc gcceggtcgt ggacgagllc ggtcccgcgg 1643 

. , <210> 10 
<2n> 346 

<212> PRT ; ' , 

50 <2i3> Corynebaclerium thermoaminogenes 

<400> 10 : ^ „ 

Met Gly Ala Met Argjle Ala Thjjeu Thr Ser, Gly Gly A_sp Cys Pro _ : _ 
1 5 10 15 V 
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Gly Leu Asn Ala Va] He Arg Gly He Val Arg Thr Ala Ser Asn Glu 

20 25 - 30 

Phe Gly Ser Thr Val Val Gly Tyr Gin Asp Gly Trp Glu Gly Leu Leu 

35 40 45 

Ala Asp Arg Arg Val Gin Leu Tyr Asp Asp Glu Asp He Asp Arg lie 

50 .55 60 

Leu Leu Arg Gly Gly Thr He Leu Gly Thr Gly Arg Leu His Pro Asp 
65 -70 75 , 80 

Lys Phe Arg Ala Gly lie Asp Gin Val Lys Ala Asn Leu Ala Asp. Ala 

85 90 95 

Gly He Asp Ala Leu He-Pro He. Gly Gly Glu Gly Thr Leu Lys Gly 

100 105 
Ala Lys Trp Leu Ala Asp Asn Gly He Pro Val Val Gly Val Pro Lys 

1'5 • 120 . 1 25 , 

Thr He Asp Asn Asp Val Asn Gly Thr Asp Phe Thr Phe Gly Phe Asp 
130 ; 135 ,4Q 

Ser Ala Val Ser Val Ala Thr Asp Ala He Asp Arg Leu His Thr Thr 
145 150 ■ ■ 155 ,60 

Ala.Glu Ser His Asn Arg Val Met He Val Glu Val Met Gly Arg His 

165 170 • 175 

Val Gly Trp He Ala Leu His Ala Gly Met Ala Gly Gly Ala His Tyr 

180 185 190 

Thr Val He Pro Glu Val Pro Phe Asp He Ser Glu He Cys Lys Arg 

195 ' 200 , 205 • 

Met Glu Arg Arg Phe Gin Met' Gly CIu Lys Tyr Gly He He Val Val 

210 '215 220 

Ala Glu Gly Ala Leu Pro Lys Glu Gly Thr Met Glu Leu Arg Glu Gly 
; . 230 235 240 

Glu Val Asp Gin Phe Gly His Lys Thr >he Thr Gly He Gly Gin Gin 

245 250 255 

He Ala Asp Glu Val His Arg Arg Leu Gly His Asp Val Arg Thr Thr 

■" . 260 2.55 • 270 

•Val Leu Gly His He Gin Arg Gly Gly Thr Pro Thr Ala Phe Asp Arg 

275 280 285 

Val Leu Ala Thr Arg Tyr Gly Val Arg Ala Ala Arg Ala Cys His Glu ' 

290 295 300 

Gly Gin Phe Asn Thr Val Val Ala Leu Lys Gly Glu Arg He Arg Mel 
305 310 ■ 315 320 

He Ser Phe Asp Glu Ala Val Gly Thr Leu Lys Lys Val Pro Mel Glu 
325 330 335 

Arg Trp Val Thr Ala Gin Ala Met Phe Gly - . . ' 

'340 345 
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<210> 11 

-<2n>-498 : 

<212> DNA 

<213> CorynebacleriuiD thermoaminogenes 

<220> 

<221> CDS 

<222> (1),..(498) 



acc ttl gac etc age gac 
TITT Plie "Asp "Leu Ser -Asp 
165 



<400> 11 

tac tac cag cac gat cca ggt ttc ccc tic gca eca aag cgc acc ggt 48 
Tyr Tyr Gin His Asp Pro Giy Phe Pro Phe Ala Pro Lys Arg Thr Gly 
1 5 10^ . ' . 

tgg get cac. acc acc acg ccg ttg acc gga ccg cag cga ttg cag tgg 96 
Trp Ala His Thr Thr Thr Pro Leu Thr Gly Pro Gin Arg Leu Gln.Trp 

20 25 , 30 

acg cacclg ccc gat gel ctt. tac ccg gat gta tec tal gac ctg gal 144; 
Thr His Leu Pro Asp Ala Leu Tyr Pro Asp Val Ser Tyr Asp Leu Asp 

3.5 .40 , 45 . 

gga tgc tal tec ggc gga gcc gta ttt let gac ggc acg ctt aaa ctt 192 
Gly Cys Tyr Ser Gly Gly Ala ValPhe Ser Asp Gly Thr Leu Lys Leu 
50 55 60 

30 tie tac acc ggc aac cga aaa attgac ggc aag cgc cgc gcc acc caa 

Phe Tyr Thr Gly Asn Arg Lys He Asp Gly Lys Arg Arg Ala Thr Gin 
65 70 75 80 

aac etc gtc gaa gtc gag gac cca act ggg ctg atg ggc ggc att cat 
35 Asn Leu Val Glu Val Glu Asp Pro Thr Gly Leu Met Gly^Gly lie His 

85 ■ 90 . 95 

cgc cgc teg cct aaa aat ccg ctt ate gac gga ccc gcc age ggt lit 336 
Arg Arg Ser Pro Lys Asn Pro Leu lie Asp Gly Pro Ala Ser Gly Phe 

40- 1 00 : 105 no 

acg ccc cac tac cgc gat ccc atg ate age cct gal ggg gal ggt tgg 384 

Thr Pro His Tyr Arg Asp Pro Met He Ser Pro Asp Gly Asp Gly Trp 

,115 120 ' 125 

aag atg gtl ctt ggg get cag cgc gaa aac clc acc ggt gca gcg git 

Lys Met Val Leu Gly Ala Gin Arg Glu Asn Leu Thr Gly Ala Ala Val 

130 135 140 

eta tac cgc teg gca gat ctt gaa aac tgg gaa ttc tec ggt gaa ate 480 

Leu Tyr Arg Ser Ala Asp Leu Glu Asn Trp Glu Phe Ser Gly Glu lie, 

145 ' 150 155 160 



240 



288 



432 



498 
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to 



<2I0> 12 
<211> 166 
<2i2> PRT . 

<213> Corynebacterium thermoaminogenes . ' ' ' 

<400> 12 

Tyr Tyr Gin His Asp Pro Gly Phe Pro Phe Ala Pro Lys Arg Thr Gly 

' 5 10 15 

Trp Ala His Thr, Thr Thr Pro Leu Thr Gly Pro Gin Arg Leu Gin Trp 

20 25 30 

Thr His Leu Pro Asp AU Leu Tyr Pro Asp Val Ser Tyr Asp Leu Asp 

35 40 45 

Gly Cys Tyr. Ser Gly Gly Ala Val Phe Ser Asp Gly Thr Leu Lys Leu 
20 50 .-55 60 

Phe Tyr Thr Gly Asn Arg Lys He Asp Gly Lys Arg Arg. Ala thr Gin 
^5 , 70 . 75 80 

Asn Leu Val Glu Val Glu Asp Pro Thr Gly Leu Met Gly Gly lie His 
25 8 5 ' 90 ' 95 

Arg Arg. Ser Pro Lys Asn Pro Leu lie Asp Gly Pro Ala Ser Gly Phe 

100 105 , no 

Thr Pro His Tyr Arg Asp Pro Mel lie Ser Pro Asp Gly Asp Gly Trp 
50 115 . ,120 125 

Lys Met Val Leu Gly Ala Gin Arg Glu Asn Leu Thr Gly Ala Ala Val 

130 135 . 140 

Leu Tyr Arg Ser Ala Asp Leu Glu Asn Trp Glu Phe Ser Gly Glu He 
150 "155 . 160 

Thr Phe Asp Leu Ser Asp • 
165 

^0 <210> 13 ■ . ■ 

<2I1> 479 

• <2i2> DNA ' , ■ ; ; ■ ■ 

<2I3> Corynebaclerium Ihermoaninogenes 



45 



55 



<220> . ' ■ 

<221> CDS 

<222> (1).. (477) , , 

<40o> 13 ' ' . ■ 

lac lac cag cac gal cca ggt lie ccc tic gca cca aag cgc accggc 48 
Tyr Tyr Gin His Asp Pro Gly Phe Pro Phe. Ala Pro Lys Arg Thr Gly 

' • 5 10 . \ 15 
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15 
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96 



tgg get cac acc acc acg ccg ttg acc gga ccg cag cga Itg cag.lgg 

20 25 30 . 

acg cac ctg ccc gac get ctt tac ccg gat gca tec tat gac ctg gat 144 
Thr His Leu Pro Asp Ala Leu Tyr Pro Asp Ala Ser Tyr Asp Leu Asp 

35 ■ 40 45 

gga tgc tat tec ggt gga gcc- gta tt.l act gac ggc aca ctt aaa ctt 192 
Gly Cys Tyr- Ser Gly Gly Ala ValPhe Thr Asp Gly Thr LeuLys Leu 

50 . 55 : 60 

ttc tac acc ggc aac eta aaa att gac ggc aag cgc cgc gcc acc caa 240 
Phe Tyr Thr Gly Asn Leu Lys lie Asp Gly Lys Arg Arg Ala Thr' Gin 
,. 65 • 70 .75. 80 

aac etc gtc gaa gtc gag gac cca act ggg ctg atg ggc ggc att cat 288 
Asn Leu VaL Glu Val Glu Asp Pro Thr Gly Leu Mel Gly Gly lie His 

85 90 95 

cgc cgt leg cet aaa aal ccg ctt ate gac gga ccc gcc age ggt ttc 336 
Arg Arg Ser Pro Lys Asn Pro Leu He Asp Gly Pro Ala Ser Gly Phe 
100 105 110 

25 aca ccc cat tac cgc gat ccc atg ate age cct gat ggt gat ggt tgg 384 

Thr Pro His Tyr Arg Asp Pro Met lie Ser Pro Asp Gly Asp Gly Trp 

115 120 125 

aaa atg gtt ctt ggg gcc caa cgc gaa aac etc acc ggt gca gcg gtt 432 
30 Lys Met Val Leu Gly Ala Gin Arg Glu Asn Leu Thr Gly Ala Ala Val 

130 - 135 140 

cla tac xgc teg aca gat ctt gaa aac tgg gaa ttc tec ggt gaa at 479 
Leu Tyr Arg Ser Thr Asp Leu Glu Asn Trp Glu Phe Ser Gly Glu 
145 150 , 155 



35 



<210> 14 
<211> 159 
<2i2> PRT 

<213> Corynebacterium thermoaoinogenes 

<400> 14 , 
Tyr Tyr Gin His Asp Pro Gly Phe Pro Phe Ala Pro Lys Arg Thr Gly 

1 5 10 15 

Trp Ala His Thr Thr Thr Pro Leu Thr Gly Pro Gin Arg Leu Gin Trp 

20 25 30 

Thr His Leu Pro Asp Ala Leu Tyr Pro Asp Ala Ser Tyr Asp Leu Asp 

35 40 45 

Gly Cys Tyr Ser Gly Gly Ala Val Phe Thr Asp Gly Thr Leu Lys Leu 

50 - - : -55- - ._-60 - .- - -- -- - - 

Phe- Tyr Thr Gly Asn Leu Lys He Asp Gly Lys Arg Arg Ala Thr Gin 
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10 



15 



65 . 70 75 80 

Asn Leu Val Glu Val Glu Asp Pro Thr Gly Leu Met Gly Gly lie His 

85 90 95 

Arg Arg Ser Pro Lys Asn Pro Leu He Asp Gly Pro Ala Ser Cly Phc 

100 105 . no . 

Thr Pro His Tyr Arg Asp Pro Met He Ser Pro Asp Gly Asp Gly Trp 

115 120 J25 

Lys Met Val Leu Gly Ala Gin Arg Glu Asn Leu Thr Gly Ala Ala Val 

130 135 140 . 

Leu Tyr Arg Ser Thr Asp Leu Glu Asn Trp Glu Phe Ser Cly Glu.. 
145 . 150 155 
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<210> 15 
<21l> 490 , 
<212> DNA 

<213> Corynebacler ium 
<400> 15 



thermoaminogenes 



attttaatgg 
aatgcat tgg 
1 1 lagaacci 
atgataagt t 
al tt t Iggca 
aacaaaatgc 
aggiatggga 
altaggacgt 
alcaat ccaa 



atat tatcta 
ggacacgcac 
ggagalgaag 
gtatttatu 
aaalcaaaal 
aatcat tec t 
acatccatgg 
attatctlat 



tatiiiatca 
gtagtaaaga 
aagaaaaatg 
tatacagglc 
atggctlata 
accccacc Ig 
cttaUatta 
alcgttclga 



atat tatcct 
tttagttcat 
gttglllctc 
accat tat la 
glgaagalgg 
aagataatac 
catgalagta 
ggalttatag 



talgcacctg 
Igggaaacat 
tggtacaggt 
laalgacga t 
cattcattlt 
acatcact Ic 
gglaglcaaa 
aggggaat tc 



aatggggacc 60 
taccgatlgc 120 
atagtcaaag 180 
gatcccgatc 240 
caaaaatata . 300 
agagatccaa 360 
atgatagaga 420 
tggtcctgag 480 
490 



<210> 16 
<2I 1> 4254 
<212> DNA 

<213> Corynebacterium thennoaniinogenes 



<220> 
<221> CDS 
<222> (637). 



(1 362) 



50 



<220> 
<221> CDS 
<222> (1434). 



(2315) 



55 



<220> 
<221> CDS 
<222> (2432). 



(31.15) 
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<220> . ■ - 

<:22±y-m — — — — — . ^ — ■ ■ ■ — - 

.<222> (3235).. (4065) 

<4Q0> 16 ■ 

tcacggcgcg cagatlaccc agtgtgccgt agagacgctg atcggcattc tcacgcaccg 60 

cgcaggtgtt gaagacgatg agatcagggg tgtcaccctc ccccgccgcg gtgtaaccgg 120 

cctcctcgag cagaccggag agacgctcgg aatcgtggac gttcatctgg cagccgaagg 180 

tacgcacctc alaggtgcgg gcagtgglgc cclcccggtl cccccgcgcc gggaggglgl 240 

cggcggggtg gtccgggtgg gatggatggg tgttcatclg gtggglalca alctgctgcg 300 

tcacgggagg taat tgtatc ggccgcgggc accctgacat aaacgtccga tccagaggaa 360 

cgcaaccccg tggagtgtcg cagccatgca ggttgggcaa caccgtaacg gaacclagca 420 

gagtgglagg attgacttca cattctttac ctattgagct attgataaaa Iccgggcgga 480. 

aalggaaatc acccccacaa alcaccccaa clgacctgtg gaaagggcga gaaalccagg 540 

gaaattcatl tcaaaatgga ctcaatcaca ggatttaccc cacatgaccc aacattcctt 600 

tatgclatcc ccatgacgca gaccacaaat cacccg atg ate aag aig acg ggg 654 

Mel lie Lys Met Thr Gly 

' ■ . ■ ; ■ ■, ■ 1 , / . 5 

gtg cag aag ttc ttc gat gac ttc cag gcc ctg .acc gat ate aat ctt 702 

Val Gin Lys Phe Phe Asp Asp Phe Gin Ala Leu Thr Asp He Asn Leu 

10 15 20 

gag gtc ccc gcg gga cag gtc gtt gtt gtt etc ggc ccg tec ggt.tcc 75!0 

Glu Val Pro Ala Gly Gin Val Val Val Val Leu Gly Pro Ser Gly Ser 

25 30 \ 35 . 

gga aag teg aeg ctg. tgc egc ace ate aac cgc etc gaa acc ate gag 798 

Gly Lys Ser Thr Leu Cys Arg Thr ile Asn Arg Leu Glu Thr lie Glu 

40 45 50 

gag gga acc ate. gag., ale. gat. gga- aaa ctg ctt. ccg gag gag: gge aag .846 

CIu Gly Thr I le Glu I le Asp Gly Lys Leu Leu Pro Glu Glu Gly Lys 
55 60 65 70 

gac ctg gcc aag ate cgt gcc gac gtg ggc atg gig t:tc cag let ttc 894 

Asp Leu Ala Lys. 1 1 e, Arg Ala Asp Val Gly Met Val Phe Gin Ser Phe ^ 

75.' - .80 85 

aac etc ttc ccc cac etc acc ate aag gac aat. gtc acc etc ggc ccg 942 

Asn Leu Phe Pro His Leu Thr Ile Lys Asp Asn Val Thr Leu Gly Pro 

90 95 100 

atg aag gtc egg aag atg aag aag , tec gag gcc aal gag gtg gcc atg 99,0 

Met Lys Val Arg lys Met Lys Lys Ser Glu Ala Asn Glu VaL Ala Met ■ ■: 

105 110 115 

aag clg tig gaa cgc gtc ggc ate gcc aac cag gcc gag aaa tac ccg 1038 

Lys. Leu Leu Glu Arg Va1 Gly lie Ala Ash-Gln Ala Glu Lys Tyr Pro ' 

_.1.2o ^ - - 125^^' ...130^^^ - _ 

gea cag etc leg ggc ggg cag cag cag cgc gig gcc alt gcc cgc gea 1086 
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Ala Gin Leu Ser Gly Gly Gin Gin Gin Arg Val Ala lie Ala Arg Ala 
135 J40 145 ' ISO 

ctg gcg atg aac ccc aag ale atg ctt ttc gac gaa cca acc tec gcc^ 1134 
Leu Ala Met Asn Pro Lys Me Met Leu Phe Asp Glu Pro Thr Ser Ala 

155 .160 165 

etc gac ccc gag atg gtc.aac gag gtt ctg gac gtc atg gcg agt cig. 1)82 
Leu Asp Pro Glu. Met Val Asn Glu Val Leu Asp Val Met Ala Ser Leu 

170 175 180 

gcc aag gaa ggc atg acc atg gtg tgt gtc acc cac gag atg ggt tic 1230 
Ala Lys Glu Gly Met Thr Met Val Cys Val Thr His Glu Met Gly Phe-. 

■ 185 190 . . . 195 

gca cgc agg gcc gca gac cgl gtg ctgttc atg tctgac ggc gcc ate 1278 
Ala Arg Arg Ala Ala Asp Arg Val Leu Phe Met Ser Asp Gly Ala lie 

200 205 - . ■ 210 

gtc gag gac tec gac.ccg gag acc ttc ttc acc aat cca caa ace gac 1326,' 
Val Glu Asp Ser Asp Pro Glu Thr Phe Phe Thr Asn Pro Gin Thr Asp 
215 220 225 230 

egg gcg aag gal tic ctg ggc aag ate etc. gcc. cac tgacctcccc. 1372 
Arg Ala Lys Asp Phe Leu Gly Lys He Leu Ala His 

.235 240 
leactctgtg Iccaaclccc ccgctggcca aaatcagcga ccatgaccaa caggagcate 1432 
a atg teg cac aaa cgc atg tic acc cgl etc gee gca gcc acc age gca 1481 
Met Ser His Lys Arg Met Phe Thr Arg Leu Ala Ala Ala Thr Ser Ala 
.245 • 250 255 

get gtt etc gcc ggc ate acc etc acc gee tgt ggt gat tec gag ggt 1529 
Ala Val Leu Ala Gly He Thr Leu Thr AlaCys Gly Asp Ser Glu Gly 

260 265 270 

ggt gac ggt ctg etc gcc gee ate gaa aat, ggc aat gtc acc ate ggc 1577" 
Gly Asp Gly Leu Leu Ala Ala lie Glu Asn Gly Asn Val Thr lie Gly ' " 
275 • . 280 . ,285 290 

acc aag tac gat eag ccg ggt ctg'gga et.g cgt aac ccg.gac aat tec 1625. 
Thr Lys Tyr Asp Gin Pro Gly Leu Gly Leu Arg Asn Pro Asp Asn Ser 

295 . 300 305 

atg age gga ctg gat gtc gac gtc gcg eag lac gig gtc aac tec ale 1673 
Met Ser Gly Leu Asp Yai Asp Val Ala Gin Tyr Val Val Asn Ser He 

310 315 320 

gcc gal gac aac ggt tgg gat cac ccc ace gtg gaa tgg cgc gag acc 1721 
Ala Asp Asp Asn Gly Trp Asp His Pro Thr Val 'Glu Trp Arg Glu Thr 

325 - • 330 335 . . 

ecc tec gcc eag cgc gag acc etc ate eag aac ggt gag gtg.gat atg 1769 
Pro Ser Ala Gin Arg Glu Thr'Leu lie Gin Asn Gly Glu Val Asp Met 

340 345 350 . 

ate gcc:. gca acc lac tec ate aac ccc gga cgc tec gaa teg gig aac 1817 
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lie Ala Ala Thr Tyr Ser lie Asn Pro Gly Arg Ser Glu Ser Val Ash 
~ 355 360 • ^365—" — -370— 

tic ggl gga cca lac cic etc acc cac cag gcc etc ctg glc cge gag 1865 
Phe Gly Gly Pro Tyr Leu Leu Thr His Gin Ala Leu Leu: Val- Arg Glu ■ 

375 380 385 

gac gat gac cgc ate cag acc etc gag gac etc gat gac ggc ctg ate 1913 
Asp Asp Asp Arg lie Gin Thr Leu GluAsp Leu Asp Asp Gly Leu lie 

390 395 400 

ctg tgt tec gtl acc gga tec acc ccc gcc cag" aag gtc aag gat gtc 1961 
Leu Cys Ser Val Thr Gly Ser Thr, Pro Ala Gin Lys Val Lys Asp Val 

405 410 415 

etc ccc ggc gtccagclgeag gaa tac gacacc lae lee tec tgt gtg 2009 
Leu Pro Gly Val Gin Leu Gin Glu Tyr Asp Thr Tyr Ser Ser Cys Val 

420 .425 430 

gag gca ctg age cag ggc aac gtc gal gca atg acc acc gac gcc acc 2057 
Glu Ala Leu Ser Gin G.ly Asn VaL Asp. Ala Mel Thr Thr Asp. Ala Thr / 
435 440 445 . 450 

ate etc He ggC tac gcg cag cag cgc gaa ggl. gaa itc cgc glc gtg 2105. 
lie Leu Phe Gly Tyr Ala Gin Gin Arg Glu Gly Glu Phe Arg Val Val 

455 .460 465 

gag atg gaa cag gac ggc gag ccg itc acc aai gag tac tac ggc ate 2153 
Glu Met Glu Gin Asp Gly Glu Pro Phe Thr Asn Glu Tyr Tyr Gly He 

470 - 475 480 ^ ^ 

ggl ale acc aag gat gac aec gaa gcc acc gal gcg ate aac gea gcg - 2201 . 
Gly lie Thr Lys Asp Asp Thr Glu Ala Thr- Asp Ala He. Asn Ala Ala 
485 490 495 

35 . itg gag cgl atg tac gee gac ggl tee tie cag cgt llcctc aec gag 2249 
Leu Glu Arg Met Tyr Ala Asp Gly. Ser Phe Gin Arg Phe Leu Thr Glu 

500 505 5J0 

aac etc ggc gag gal lee cag gll gtc cag gag ggc acc ccg ggl gac, 2297 
4o' Asn Leu Gly Glu Asp Ser Gin Val Val GlnGlu Gly Thr Pro Gly Asp 

515 520 525 530 

etc tec tic ctg gac gag Igaectgacg gggcegaacg ccegatgage / : 2345 
Leu Ser Phe Leu Asp Glu 
•^5 ■ 535 . ■ ■ ' 

atgcgtggcc cccgcatccc ggggtgccac gcatcalcac tttcaccact gatcccc tac . 2405 
cgt tec t lac cgaggagaaa llccce atg agt aea Ha tgg gcg gal ctg ggl 2458 

Mel Ser Thr Leu.Trp Ala Asp Leu Gly 
50 ..... - 540 ■ . 545 

ccg lea etc eta ccc gca lie tgg gtg aea ale caa etc acc glc tal 2506 
Pro Ser Leu Leu Pro Ala Phe Trp Val Thr lie Gin Leu Thr Val Tyr 

—550 - 555 , 560- 

icc gcc ale gga tec atg ale etc ggl acc ale etc acc gcc alg agg 2554 
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Ser Ala He Gly Ser Met He Leu Gly Thr'Ile Leu Thr Ala Met Arg 

565 570 575 

gtg icc ccg gig aag atc ctg cgc age ala Ice ace gee lac ale aac 2602 
Val Ser Pro Val Lys lie Leu Arg Ser lie Ser Thr Ala Tyr Me Asn 

580 585 590 

acg gic cgt aac ace cca cig acc cig gtg afc ctg ttc (gt Icc tic 2650 
Thr Val Arg Asn Thr Pro Leu Thr Leu Val He Leu Phe Cys Ser Phe 

595 600 • 605 

ggc ctg lat cag aat etc ggl etc ace etc gcc ggl cgc gac agt tec 2698 
Gly. Leu Tyr Gin Asn Leu. Gly Leu Thr Leu Ala Gly Arg Asp Ser Ser 
610 615 620 625 



- "'^ 6^^- eei LKL Kac agl lec 

Gly. Leu Tyr Gin Asn Leu. Gly Leu Thr Leu Ala Gly Arg Asp Ser Ser 

6'0 615 . 620 625 • 

acc ttt ctg gcc, gat aac aac tic egg etc gcg gtg etc gga ttc ale 2746 

Thr Phe Leu Ala Asp Asn Asn Phe. Arg Leu Ala Val Leu Gly Phe He 

fiSO 635 640 

.ctg lac acc tec gcc ttc gtt gcg gaa. Ica clc egg tea ggc ate aac 2794 

Leu Tyr Thr Ser Ala Phe- VaL Ala Glu Ser Leu Arg Ser Gly He Asn 
. 650 655 

II' v'f I'' tl' etc ggt 2842 

Thr Val His Phe Gly Gin Ala Glu Aia Ala Arg Ser Leu Gly Leu Gly 

660 665 670 

He agl gac ate tie egg tec ale ale. tie ece cag gcg gig cgt gee -2890 
Phe Ser Asp He Phe Arg Ser lie He Phe Pro Gin Ala Val Arg Ala • 

680 -685 
gcc ate ate ccg ctg ggc aac acc etc ate gee ctg acc aag aac ace. 2938' 
Ala lie He Pro Leli Gly Asn Thr .Leu HV Ala. Leu Thr Lys Asn Thr 
690 695 700 705 

acg ate gcg tcc-gtg ate ggc gte ggl gag gee teg ctg ctg atg aag 2986f' 
Thr He Ala Ser Val He Gly Val Gly Glu Ala Ser Leu Leu Met: Lys 

. -710. 715 720 

ec acg ail gaa aat cat gcc aacatg etc lie gte gig ttc gee ate 3034 : 
Ser Thr He Glu Asn His Ala' Asn Mel Leu Phe Val Val Phe- Ala He 

725 .730 735- 

P.!' r !f ate etc acc ctc'ccc atg ggc ctg ggg clt 3082 

Phe Ala Val Gly Phe Met He Leu Thr Leu Pro Met Gly Leu Gly Leu 

740 745 750 

gga aaa etc- gel gag aaa atg gcg gig aag aaa taatgteelc cteeglacge 3135 , 
Gly Lys Leu Ala Glu Lys.Mel Ala Vai Lys Lys - 
.755 ' 760 • . ■. ., 

gcaacaglcc lelacgaegc ceceggcccc eggggacgea ggtceaaeac eaieatcacc 3195 
alcgceacca cectggiggc agtggecgic ctglletgg gig;ggc agLgii clc ;3249 

• Val Gly Ser Val Leu • 

■ ■ ■ ' 7 6 5 ' V 

cag gaa. aac gge cag t tg gac ggc gac; aaa tgg acc ccg. He- etc gal 3297 .. 
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Gin Glu Ash Gly Gin Leu Asp Glv Asp Lys Trp Thr Pro Phe Leu Asp 

~nv~~~ ■ — ~ — " — " ~ " " • — ' — ■ — ' ' — ~" 



3393. 



3441. 



ccc cag acc tgg acc acc lal clt clg ccc ggc c.tg Igg gga acc ctg 3345 
' • Pro Gin Thr Trp Thr Thr Tyr -Leu Leu Pro Gly Leu Trp Gly Thr Leu 

790 795 800 

aag gca gcg gtg gcc tec ate ctt etc gcg ctg ate atg ggc acc ctg 
Lys Ala Ala Val Ala Ser lie Leu Leu Ala Leu He Met Gly Thr Leu 
■ 805 8i0 815 

etc ggg etc gga cgc ate tee gaa ate cgg etc. ctg cgc tgg ttctgc 
Leu Gly Leu Gly Arg He Ser Glu He Arg Leu Leu Arg TrP Phe Cys 
820 825 830 

" . ggg aic ate ale gag acc lie cgl gcc au ccg gtg etg ate etc atg 3489 

Gly He He He Glu Thr Phe Arg Ala lie Pro Val Leu He Leu Met 

835 • 840 845 

ate ttcgec tat cag.ttg tie gcc cgl tac cag etc gt.t cca tea cgC; 
lie Phe Ala Tyr Gin Leu Phe Aia Arg. Tyr. Glii Leu Val. Pro Ser Arg 
850 855 860. 865 

cag ctg gcc tic gee gcg gtg gtc ttc ggl etc acc atg tac aac ggc 
Gin LeuAla Phe Ala Ala Val Val Phe Gly Leu Thr Met Tyr Asn Gly 

870 • 875 880 

tec gtc ate gcc gag ate ctt aga teg ggt ate gcc tec etg ccg aag 
Ser Val He Ala Glu He Leu Arg Ser Gly lie Ala Ser Leu Pro Lys 

885 890 895 

gga cag cgl .gag gcg gcg ate. gcc ctg ggc atg lea acc cgc cag acc 
Gly Gin Arg Glu Ala Ala He Ala Leu Gly. Met Ser Thr Arg Gin Thr 

900 905 910 

acc tgg teg ate etg etc ccc cag gcg gig gca gcg atg ctg ccc gee 
Thr Trp Ser He Leu Leu Pro Gin Ala Val Ala Ala Met Leu. Pro Ala 

915 920 . 925 

ctg ate gcg cag atg gtc ate gcg ctg aag gac tec gcc etc ggt tac 3777 
Leu He Ala Gin Mel VaT He Ala Leu Lys Asp Ser Ala. Leu Gly Tyr 
930 935 940 

cag ate ggl tat ate gag gtg ita cgc tec ggt aie eag tec gca tee 3825 
Gin He Gly Tyr lie Glu Val Val ArgSer Gly He Gin Ser Ala Ser 

■ 950 955 960, 

gtc aac egg aac lac ctg get gcc etc gcg gtg gic gcg gtc ate atg 3873 



Val Asn Arg Asn. Tyr Leu Ala Ala Leu Ala Val Val Ala. Val He Mel 

965 970 975 

aic ctg ale aac He gca clg acc gca ctg gca gag cgt ale eag cgl 

He Leu He Asn Phe Ala Leu Thr Ala Leu Ala Glu Arg He Gin Arg 

980 - • 985 , : . 990 

-cag-c t-g-cgl gee gga cgt. gcx, cgc_agg_ ajc___aLl__gtg gca a 

Gin Leu. Arg Ala Gly Arg Ala Arg.Arg Asn He Val Al a Lys Val; Pro 



3537 
3585 
3633 
3681 
3729 
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995 1000 1005 

gag gaa ccc gal cag ggc ctg gat acc aag gac aal gtg aac gig gal 4017 
Glu.Glu Pro Asp Gin Gly Leu Asp Thr Lys Asp Asn Val Asn Val Asp 
1010 1015 ' 1020 ^ 1025 

tgg cac gat ccc gat tac aag gaa glc aaa cac ccg gga ccg tea tie 4065 
Trp His Asp Pro Asp Tyr Lys Glu Val Lys His Pro Gly Pro Ser Phe 

1030 1035 1040 

tgacaggtcc ctggatcccc gctgcgglca ggaggcgggl gcaacaatga agtccggcig 4125 
cccagatgtc tggggcagcc ggactt tgtg gcagatcaal gctgaclgag gtcctcgatg 4185 
cgctcatcga gagcctcccg ggccaggtcc atcgacatac ccgcggggaa tccacgacgg 4245 
gcaagtgcl 4254 

<210> 17 
<21l> 242 

<212> PRT ; 
<213> Corynebacterium thermoaminogenes > 

<400> 17 

Met lie Lys Met Thr Gly Val Gin Lys Phe Phe Asp Asp Phe Gin Ala 

1 5 ; 10 ' 15 

Leu Thr Asp lie Asn Leu Glu Val Pro Ala Gly Gin Val Val Val Val 

20 25 - 30 ' , 

Leu Gly Pro Ser Gly Ser Gly Lys Ser Thr Leu Cys Arg Thr He Asn 

35 ^ 40 . ■ 45 , ; ; : ' 

Arg Leu Glu Thr lie Glu Glu Gly Thr lie Glu lie Asp Gly Lys Leu 

50 55 60 

Leu Pro Glu Glu Gly Lys Asp Leu Ala Lys He Arg Ala Asp Val Gly 

65 70 75' 80 

Met Val Phe Gin Ser Phe Asn Leu Phe Pro His Leu Thr He Lys Asp 

• * 85 - . .90 ' ^ 95 

Asn Val Thr Leu Gly Pro Met Lys Val Arg Lys Met Lys Lys Ser Glu 

100 105 110 

Ala Asn Glu Val Ala Met Lys Leu Leu Glu Arg Val Gly He Ala Asn 

115 1 20 * 125 • - . ' 

Gin Ala Glu Lys Tyr Pro Ala Gin Leu Ser Gly Gly Gin Gin Gin Arg 

130 •> 135 140- 

Val Ala He Ala Arg Ala Leu Ala Met Asn Pro Lys He Met Leu Phe • 

145 150 155 160 

Asp Glu Pro Thr Ser Ala Leu Asp Pro Glu Met Val Asn Glu Val Leu 

165 170 175 

Asp Val Met Ala Ser Leu Ala Lys Glu Gly Met Thr Mel Val Cys Val 

180 . 185 190 

Thr His Glu Met Gly Phe Ala Arg Arg Ala AlaAsp Arg Val- Leu Phe 
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195 ■ 200 . ' • 205 ■ 

' , ^, .. .11.1 ri ,. A/<_ c-_ A^r\ D-n PI 11 TKi- o DK a L 

Mg-t— SeT~ATp~OTy~fli"a~"ixe""va-i-^oru-rii-w— oci— nap— ^^^^ 
^ 210 ' - 215 . 220 

Thr Asn Pro Gin Thr Asp Arg Ala Lys Asp Phe Leu Gly Lys He Leu 
225 • 230- 235 240 

" Ala His 

: 10 ■ • 

<2I0> 18 ' . 

<211> 29.4 ; ; ■ 

<212> .PRT . 
,5 <21.3> Corynebaclerium thermoaminogene.s 





<400> 18 
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35 








100 






105 






110 






lie 


Ala 


Ala. 


Thr 


Tyr Ser He 


Asn 


Pro Gly Arg 


Ser 


Glu 


Ser Val 


Asn 








115 






120 






125 








Phe 


Gly 


Gly 


Pro 


Tyr Leu Leu 


Thr 


His Gin Ala 


Leu 


Leu 


Val Arg 


Glu^ 


40 
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10 



Gly He Thr Lys Asp Asp Thr Glu Ala Thr Asp Ala He Asn Ala Ala 

245 250 255 

Leu Glu Arg Mel Tyr Ala. Asp Gly Ser Phe Gin Arg Phe Leu Thr Glu 

260 . 265 270 

Asn Leu Gly Glu Asp Ser Gin Vai Val Gin Glu Gly Thr Pro GlyAsp 

275 280 285 

Leu Ser Phe Leu Asp Glu 
290 



<210> 19 
,5 <211> 228 

<212> PRT - 

<213> Corynebacterium Ihermoaininogenes 

20 <400> 19 

Mel Ser Thr Leu Trp Ala Asp Leu Gly Pro Ser Leu Leu Pro Ala Phe 

1 5 10 15 

Trp Val Thr He Gin Leu Thr Val Tyr Ser Ala He Cly Ser Met He 
25 2 0 2 5 3 0 

Leu Gly Thr He Leu Thr Ala Mel Arg Val Ser Pro Val .Lys.Ile Leu 

35 40 45 

Arg Ser lie Ser Thr Ala Tyr He Asn Thr Val Arg Asn Thr Pro Leu 
30 . 5 0 5 5 6 0 

Thr Leu Val lie Leu Phe Cys Ser Phe Gly Leu Tyr Gin Asn Leu Gly 
65 70 75 • ■ 80 

Leu Thr Leu Ala Gly Arg Asp Ser Ser Thr Phe Leu Ala Asp Asn Asn 
35 85 90 95 

Phe Arg Leu Ala Val Leu Gly Phe He Leu Tyr Thr Ser Ala Phe Va! 

100 105 . 110 

Ala Glu Ser Leu Arg Ser Gly He Asn Thr Val His Phe Gly Gin Ala 
40 . JI5 .120 .125 

Glu Ala Ala Arg Ser Leu Cly Leu Gly Phe. Ser Asp He Phe Arg Ser 

130 135 140 

lie lie Phe Pro Gin Ala Val Arg Ala Ala He He Pro Leu Gly Asn 
145 150 155 160 

Thr Leu He Ala Leu Thr Lys Asn Thr Thr He Ala Ser Val He Gly 

165 170 175 

Val Gly Glu Ala Ser Leu Leu Met Lys Ser Thr He Glu Asn His Ala 

180 185 190 

Asn Mel Leu Phe Val Val Phe Ala lie Phe Ala Val Cly Phe Mel He 

195 200 205 

Leu Thr Leu Pro Mel Gly Leu Gly Leu Gly Lys Leu Ala Glu Lys Mel 
210 . 215 220 
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55 



Ala Val Lys Lys 

-^2-5 — — — — • : — — — — ~ — — ^ 

<210> 20 
<211> 277 
<212> PRT 

<213> Corynebacterium thermoaminoBenes 
<400> 20 

Val Gly Ser Val Leu Gin Glu Asn Gly Gin Leu Asp Gly Asp Lys Trp 

1 5 10 15 

Thr Pro Phe-Leu Asp Pro Gln Ttir Trp.Thr .Thr Tyr Leu Leu Pro Gly 

. 20 25 30 

Leu Trp Gly Thr Leu Lys Ala Ala Val Ala Ser lie Leu Leu Ala, Leu 

: 35 . 40 45 

lie Met Gly, Thr Leu.Leu Gly Leu Gly Arg lie Ser Glu lie Arg Leu 

50 55 60 

Leu Arg Trp Phe Cys Gly He He lie Glu Thr Phe. Arg Ala He Pro 
65 70 75 80 

Val Leu He Leu Met He Phe Ala Tyr Gin Leu Phe- Ala Arg Tyr Gin 

85 90' 95 

Leu Val Pro Ser Arg Gin Leu Ala Phe Ala Ala Val Val Phe Gly Leu 

100 105 ll*' 

Thr Mel Tyr Asn Gly Ser Val He Ala Glu He Leu Arg Ser Gly He 

115 120 125. 

Ala Ser Leu Pro Lys Gly Gin Arg Glu. Ala Ala He Ala Leu Gly Met 

130 135 140 

Ser Thr Arg Gin Thr Thr Trp Ser He Leu Leu Pro Gin Ala Val Ala 
145 150 155 160 

Ala Met Leu Pro Ala Leu He Ala Gin Mel Val He Ala Leu Lys Asp 

165 : ■ . 170 . , . 175 , 

Ser Ala Leu Gly Tyr Gin He Gly Tyr He Glu Val Val Arg Ser Gly 

180 185 190 

He Gin Ser Ala Ser Val Asn Arg Asn Tyr Leu Ala Ala Leu Ala Val 

195 200 205 

Val Ala Val He Met He Leu He Asn Phe Ala Leu Thr Ala Leu Ala 

210 215 . .220 

Glu Arg He Gin Arg Gin Leu Arg Ala Gly Arg Ala Arg Arg Asn. He 
225 230 235- 240 

Vat Ala Lys Val Pro Glu Glu Pro Asp Gin Gly Leu Asp Thr Lys Asp 
245 . ... 250. 255 . 

- -Asn-Va-l-Asn-Val -Asp-Tr.p_H.is .Asp_Pro Asp .T^r _LyA. Gju VaJ _LysJli^s_ 
.260 265 . -270 
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Pro Gly Pro Ser Phe 
275 

<2]0> 21 
<2I1> 3598 
<212> DNA 

10 <213> Corynebacterium ihenDoaminogenes 

<220> 
<22!> CDS 

<222> (454).. (3222) ' • 

15 <400> 21 

agcacggcca aacalgagag aaacttcaca ttllgaatti cccctllcct gcatalggaa 60 
aaccgccggl gacaccccig ccatt tgggc agclcccccc acctcaccat glccacaltl 120 
tccataatgl ggcctgtaac accct tgggc tcaaggcttc cacgccccac cgggaccctc 180 

20 alcagcaggt gaaacagacc ctcctgcaal gctttgttaa aaagaaccgc cclttgtgcg 240 

tatcct tglg icaat tgtgc gcgcacigcc accagctttc ctcaggatlg aacacggtcg 300 
ggaaatcclc cccggalacc cigcacgccc cacctcccac accgacaccg gcggggaggg 360 
ccgggcacgt tltcagclgc gggtgalgga agcggtcgcc gglcccccgg tcgcalaaac 420 

^5 gaaalgaaaa acatlccaac aggaggtglg gaa atg gcc gal caa gca aaa ctt 474 

Mel Ala Asp Gin Ala Lys Leu 
1 5 

ggl ggc aaa ccc aca gal gac acc aac lie gcg alg ate cgl gal ggc 522 
30 Gly Gly Lys Pro Tbr Asp Asp Thr Asn Phe Ala Mel He Arg Asp Gly 

10 15 20 

gtt gca let lal Itg aac gac Icc gac ccg gag gag acc aag gag Igg 570 
Val Ala Ser Tyr Leu Asn Asp Ser Asp Pro Glu Glu Thr Lys Glu Trp 
55 25 30. ,35 

alg gac Icc cla gac ggl cla clg cag gat tec let ccg gag cgc gcc 618 
Met Asp Ser Leu Asp Gly Leu Leu Gin Asp Ser Ser Pro Glu Arg Ala 
40 - 45 ^ 50 55 

•^^ cgl lac clg alg clg cgc clg clg gag egg gca tec gcc aag cgl glc 666 

Arg Tyr Leu Mel Leu Arg Leu Leu Glu Arg Ala Ser Ala Lys Arg Val 

60 65 70 

cca clg. ccc ccg alg acg tec acc gal tac glc aac acc ale ccc aca 714 
Pro Leu Pro Pro Mel Thr Ser Thr Asp Tyr Val Asn Thr He Pro Thr 

75 80 ^ 85 

tec atg gag ccc gat tic ccg ggl gat gag gag atg gag aag cgc lac 762 
Ser Met Glu Pro Asp Phe Pro Gly Asp Glu Glu Met Glu Lys Arg Tyr'. 

90 95 100 

cgc cgc tgg atg cgc tgg aac gcc gcc ate atg gtg cac cgtgcc cag 810 
Arg Arg Trp Met Arg Trp Asn Ala Ala He MelVal His Arg Ala Gin 

105 110 '115 

cgc ccg gga ale ggt gig ggl ggg cac ate icc acc tac gcc ggc gcc 858 
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Arg Pro Gly He G!y Val Gly Gly His lie Ser Thr Tyr Ala Gly Ala . ■ - 

— r2Cr~~ — r25"~ . • . ^r30— — — — — 1-35 : — — 

gcc cca etc tac gag glc ggt tie aac cac ttc ttc cgc ggc aag gac 906 
Ala Pro Leu Tyr G!u Val Gly Phe Asn His Phe Phe Arg Gly Lys Asp 

140 145 150 

cac ccg ggt ggc ggt gac cag gtc Itc ttc cag ggt cac gcc tec ccg 954 
His Pro Gly Gly Gly Asp Gin Val Phe Phe Gin Gly His Ala Ser Pro 

155 160 165 

ggc atg tac gcc cgc gcc ttc etc gag ggc cgi etc acc gag age gal 1002 
Gly Mel Tyr Ala Arg Ala Phe Leu Glu Gly Arg Leu Thr Glu Ser Asp 

170 . .175 180 . - 

ctg gac age lie cgc cag gag gtc- Icc lac gaa ggl ggt ggc ate ccg 105O 
Leu Asp Ser Phe Arg Gin Glu Val Ser Tyr Glu Gly Gly Gly He Pro 

185 ■ , 190 195 

tec tac ccg cac ccg cac ggc. atg ccg gac ttc tgg gag tic ccg acc- 1098 
Ser Tyr Pro His Pro His Gly Met Pro Asp Phe Trp Glu Phe Pro Thr 
200 205 210 . 215 

gtgtcc alg ggc etc ggg ccc alg gal gcc ate tac cag gcg cgc ttc 1146; 
25 Val Ser Met Gly Leu Gly Pro Mel Asp Ala lie Tyr Gin Ala Arg Phe 

220 225 230 

aac cgc tac ctg cac aac egl ggc ate aag gac , acc teg gag cag cac 1194 
Asn Afg Tyr Leu His Asn Arg Gly He Lys Asp Thr Ser Glu Gin His 
30,. 235 .. 240 245 

glc tgg gca tic etc ggt gac. ggc gag atg gal gag ccg gag tec cgt 1242 
Val trp Ala Phe Leu Gly Asp Gly Glu Mel Asp Glu Pro Glu Ser Arg 
250 255 . 260 . 

35 ggt etc ate cac cag get gcg ctg aac aac ctg gac aac etc acc tic 1290 

Gly Leu lie His Gin Ala Ala Leu Asn Asn Leu Asp Asn Leu Thr Phe 

265 270 -. 275 

gtg ate aac tgc aac ctg cag cgt ctt galggc ccg gtc cgc ggt aac 1338. 
40 Val He Asn Cys Asn Leu Gin Arg Leu Asp Gly Pro Val Arg Gly Asn 

280 \ 285 . . . . 29G : ... 295 , 

acc aag ale ate cag gaa etc gag ice tic lie cgt ggt gcc ggc tgg 1386 
Thr Lys He I le Gin Glu Leu Glu Ser Phe Phe Arg Gly Ala Gly Trp 
45 300 305 310 

tec glc ate aag glc ate tgg ggc cgt gag tgg gat gaa ctg ctg gag 1434, 
Ser VaT He Lys Val He Trp Gly Arg Glu Trp Asp Glu Leu Leu Glu 
,315 320 • 325 . 

50 aag gac cag gac ggt gcl^ctt gtc gag gtc atg aac aac acc tec gac 1482 

Lys Asp Gin Asp Gly Ala Leu Val Glu Val Mel Asn Asn Thr Ser Asp 
330 - ■ ; 335 -- • . . . 340 

- - - - - ggt gac- i-ae-cag -acc- l-lc-aag-gc-c-aat- gac-ggi- gcc-tac -g-tc^ cg-l gag — 1-530 
55 Gly Asp Tyr Gin Thr Phe Lys Ala Asn Asp Gly AJ a Tyr Val Arg Glu 
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345 350 355 

• cac tic Itc ggc cgt gac ccc cgc acc etc aag etc glc gag gac atg 1578 

5 His Phe Phe Gly Arg Asp Pro Arg Thr Leu Lys Leu Val Glu Asp Met 

360 -365 370 375 

acc gac gag gag ate Igg aag clg ccc cgt ggi ggc cat gac tac cgt 1525 

Thr Asp Glu Glu lie Trp Lys Leu Pro Arg Gly Gly His Asp Tyr Arg 
,0 380 385 390 

aag g(c tac gcc gcc tac aag cgt gcg ctg gag acc aag gac cgc ccg 1674 

Lys Val Tyr Ala Ala Tyr Lys Arg Ala Leu Glu Thr Lys Asp Arg Pro 

395 400 . 405 - ^ 

15 acc gtc at I etc gcc cat acc ate aag ggc tac ggc ctg ggc cac aac 1722 

Thr Val He Leu Ala His Thr He Lys Gly Tyr Gly Leu Gly His Asn 

410 ^ 415 420- 

ttc gag ggc cgc aac gcg acc cac cag atg aag aag ctg acc ctg gat 1770 

20 Phe Glu Gly Arg Asn Ala Thr His Gin Met Lys Lys Leu Thr Leu Asp 

425 430 435 • 

gac Ctg aag ctg tic cgt gac aag cag ggl ctg ccc aic acc gat gag 1818 

Asp Leu Lys Leu Phe Arg Asp Lys Gin Gly Leu Pro He Thr Asp Glu 
25 440 — 445 ' 450 - 455 

gag clg gag aag gat ccc tac clg cct ccg tac tac cac ccg ggt gag 1866 

Glu Leu Glu Lys Asp Pro Tyr Leu Pro Pro Tyr Tyr His Pro Gly Glu 
460 465 • 470 

30 gac gca ccg gag ate aag tac alg aag gag cgl cgc cag gcg etc ggt 1914 

Asp Ala Pro Glu He Lys Tyr Met Lys Glu Arg Arg Gin Ala Leu Gly 

475 480 485 " 

ggt tic Ctg ccg gag cgc cgt gag aag lac gag cca ctg cag gtt ccc 1962 

35 . Gly Phe Leu Pro Glu Arg Arg Glu Lys Tyr Glu Pro Leu Gin Val Pro 
, 490 '495 500 

ccg ctg gac aag ctg egg tec gtg cgc aag ggt tec ggc aag cag cag 2010 

Pro Leu Asp Lys Leu Arg Ser Val Arg Lys Gly Ser Gly Lys Gin Glh ' • 

-'o 505 -51^ ; . . 515. , . ■ /: 

gig gcc acc acc aig gcc acg gtg cgt acc He aag gaa etc atg egg 2058 

Val Ala" Thr Thr Mel Ala Thr Val Arg Thr Phe Lys Glu Leu Mel Arg 

520 525 : 530 * 535 

gac aag aac ctg gee gac cgc tig gtc ccg ale ate ccg gat gag gcc 2106 

Asp Lys Asn Leu Ala Asp Arg Leu Val Pro He Ile.Pro Asp Glu Ala 

540 ^ 545 " 550 • ■ • 

cgc acc ttc ggc ctg gac tec tgg Itc ccg acc ctg aaa ale tac aac 2154 

Arg Thr. Phe Gly Leu Asp Ser Trp Phe Pro Thr Leu Lys He Tyr Asn 

555 • • 560 565- 

ccg cac ggt cag aac lac gig ccg glc gac cat gac etc atg ctg Icc 2202 

Pro His Gly Gin Asn Tyr. Val Pro Val Asp His Asp Leu Met Leu Ser 

.570 ' ■ ■ 575 . 580: > ^ *^ 
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tac cgl gag gcc aag gac ggc cag ale ctg cat gag ggc ate aac gag 2250 

585 . ; 590 595 • 

gcc ggl tec gtg gca teg ttt ate gee gee g'ga ace tec 'lac gee acc 2298 ■ 
Ala GlV Ser Val Ala Ser Phe lie Ala Ala Gly Thr Ser Tyr Ala, Thr 
600 : 605 610 ' 615 

cat ggc gag gcc atg ate ccg ctg tae ate' lie tac tcgaig ttc ggc 2346 
His Gly Glu Ala Met He Pro Lea Tyr He Phe Tyr Ser Met Phe Gly 

, 620 . . 625 630 

ttc cag cgc acc ggt gac ggc ate igg gcc gca gcc gac cag atg acg 2394 
Phe Gin Arg Thr Gly Asp Gly lie Trp Ala Ala Ala Asp Gin Met Thr 

635 640 - 645 ; : ' ' 

cgt ggt ttc etc ctg ggc gcc acc gee ggl cgc acc acc ctg ace ggt 2442 
Arg Gly Phe Leu Leu Gly Ala thr Ala Gly Arg Thr Thr Leu Thr Gly 

650 . 655 . . 660 

gag ggc etc cag cac atg gal ggc cae tee ccg ate ctg gcc tec acc 2490 
Glu Gly Leu Gin His Met Asp Glv His Ser Pro. He Leu Ala Ser Thr 

655- : • . . • ■-■ . 6:70 - : . ^ . -■ ;:. 575 / ' ' ■ ^ 

aac ccc ggt gig gag acc tat gac ccg gcg ttc tec tac gag ate gcg 2538 
Asn Pro Gly Val Glu Thr Tyr Asp Pro Ala Phe Ser Tyr Glu IlcAla 
680 685 ' 690 695 

cac ctg gtc cac cgc ggc ate gac cgc atg tac gga ccg ggc aag ggt 2586 
His Leu Val His Arg Gly lie Asp Arg Met Tyr Gly. Pro Gly Lys Gly . 

:. : 700 . .■ ■ • ■ 705 . 710 - . ^ 

gag aat gtc ate tac tac etc acc ale lac.aac gag cea acc ccg cag 2634 
Glu Asn Val He Tyr Tyr Leu Thr He Tyr Asn Glu Pro Thr Pro Gin' 

71.5 720 - 725 

ccg get gag cet gag gat ctg gac gtc gag ggc ctg cac aag ggc ate 2682 
Pro Ala Glu Pro Glu Asp Leu Asp Val Glu Gly Leu His Lys Gly He 

730 735 740 

tac etc lac gac aag gcc gcc gag ggt gag ggc cat gag gcc teg aic 2730' 
Tyr Leu Tyr Asp Lys Ala Ala Glu Gly Glu Gly His Glu Ala Ser. He 

745 750 " 755 

ctg gcc tec ggc ate ggc atg "cag Igg gca ctg cgc gee cgl gac ale 2778 
45 Leu Ala Ser Gly He Gly Met Gin Trp Ala Leu Arg Ala Arg Asp He 

760 765 . 770 775 

etc gcc gag gal tac ggc ate cgi gee aac ate lie ice gcc acc teg 2826 
Leu Ala Glu Asp Tyr Gly He Arg Ala Asn lie Phe Ser Ala Thr Ser 
50 780 . 785 ■ 790 . - 

tgg gtg gag ctg gcc cgc gac ggt gee cgc cgl aac clg gag, gcg ctg- 2874 
Trp Var Glu Leu Ala Arg. Asp Gly Ala Arg: Arg Asn Leu Glu Ala Leu 

_ . 7.95. 800 .805-. - _ _ 

55 cgc aac .ccg ggl gcg gat gtc- ggt gag gca tie gtg ace ace cag ctg 2922 
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Arg Asn Pro Gly Ala Asp Val Gly Glu Ala Phe Val Thr Thr Gin Leu 
810 815 820 

5 aag aag ggl Icc ggc ccc tac glc gcg gig icc gac ilc gcg acc gac 2970 

Lys Lys Gly Ser Gly Pro Tyr Val Ala Val Ser Asp Phe Ala Thr Asp 

825 830 835 

ctg ccg aac cag ate cgc gag tgg gtt ccc ggl gac tac aic glc etc 3018 

,0 Leu Pro Asn Gin He Arg Glu Trp VaL Pro Gly Asp Tyr lie Val Leu 

840 845 850 855 

ggt gcc gac ggc ttc ggt tic tec gat acc cgt ccg gca gcc cgt cgl 3066 
Gly Ala Asp Gly Phe Gly Phe Ser Asp Thr Arg Pro Ala Ala Arg. Arg 

r5 860 865 870 

tac lie aac ate gac gcc gag tec ate glc gtg gcg gtc clg cgc ggc 3114 
Tyr Phe Asn He Asp Ala Glu Ser lie Val Val Ala Val Leu Arg Gly 
875 • .880 885 

20 ctg gtc cgc gag ggt gtc ate gat gcc tec gtg gcg gcg cac gcg get 3162 

Leu Val Arg Glu Gly. Val He Asp Ala Ser Val Ala Ala His Ala Ala 

890 895 90O 

gag aag tac aag ctg tec gac ccg acg gca cca eag gtc gat ccg gac 3210 

25 Glu Lys Tyr Lys Leu Ser. Asp Pro Thr Ala Pro Gin Val Asp Pro Asp 

905 910 915 

gca ccg ate gag lagacclgcl tgtcgacgaa aaacaccccc gccccclcac 3262 
Ala Pro He Glu 

30 9 2 0 ' 

algalgaggg gggcgggggl gtgctcgltt acggcgggta caggggggla tcageecagc 3322 
atcgceltat cggagagcgt cgcgcccttg atcttggcga at tcctgcag cagalcccgc 3382 
acgglgagcl Ictgcttcac ctclgegctg gcclcataga cgalccgtcc clegtgcatc 3442 

35 algatgaggc ggl tacccag geggalagcc tgttceatgt tglgggtgac catgagggtg 3502 
gtcaglttgc cglcctcgac gatcttctcg glcagggtgg tgaceagltc ggctegctgg 3562 
ggglccaggg cggcggtglg ttcgtcgaga agcatg 3598 

40 <210> 22 \ . , . : 

<211> 923 
<212>PRT 

<213> Corynebacter ium thcrmoaminogenes . 
<400> 22 

Mel Ala Asp Gin Ala Lys Leu Gly Gly Lys Pro Thr Asp Asp Thr Asn 

1 5 . . ' .10 . 15 - 

Phe Ala Me.t He Arg Asp Gly Val Ala Ser Tyr Leu Asn Asp Ser Asp' 

20 25 . 30 - , 

Pro Glu Glu Thr Lys Glu Trp Met. Asp Ser Leu Asp Gly Leu Leu Gin 

35 40 -45 

Asp Ser Ser Pro Glu Arg Ala Arg Tyr Leu Mel Leu Arg Leu Leu Glu 
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,50 ,55 . 60. 

A r g AlT"Sein\ll~L7s~ATg~Va1-p r o-te u-P r o-p r o-M 

65 70 ^ 75 80 

Tyr Val Asn Thr llePro Thr Ser Met Glu Pro Asp Phe Pro Gly Asp 

85 .90 95 

Glu Glu Met Glu Lys Arg Tyr Arg Arg Trp Met Arg Trp Asn Ala Ala 

.. 100 . 105 . 110 

lie Met Val His Arg Ala Gin Arg Pro Gly I.je Gly Val Gly Gly His 

115 : .120 125 

He Ser Thr Tyr Ala Gly Ala Ala Pro Leu Tyr Glu Val Gly Phe Asn 

130 135 HO 

His Phe Phe Arg Gly Lys Asp His Pro Glv Gly Gly Asp Gin Val Phe 
145 150 155 160 

Phe Gin Gly His Ala Ser Pro Gly Met Tyr Ala Arg Ala Phe Leu Glu 

• ,■ ■ 165 . ■ . , . 170 . ^ 175 

Gly Arg Leu Thr Glu Ser. Asp Leu Asp Ser Phe Arg Gin Glu Val Ser- 

180 .185 190 

Tyr Glu Gly Gly Glylle Pro Ser Tyr Pro His Pro His Gly Met Pro 

195 200 ■ -205 

Asp Phe Trp Glu Phe Pro Thr Val Ser Mel Gly Leu Gly Pro Met Asp 

210 215 / . 220 : 

Ala He Tyr Gin Ala Arg Phe Asn Arg Tyr Leu His Asn Arg Gly He 
225 230 235 240 

Lys Asp Thr Ser Glu Gin His Val Trp Ala Phe Leu Gly Asp Gly Glu 

.245 , • • 250 ... 255. 

Met Asp Glu Pro Glu Ser Arg Gly Leu lie His Gin Ala Ala Leu Asn 

260 265' 270 

Asn Leu Asp Asn Leu Thr Phe Val He Asn Cys Asn Leu Gin Arg Leu 

275 280 285 

Asp Gly Pro Val Arg Gly Asn Thr Lys lie Me Gin Glu Leu Glu Ser 

290 295 • 300 

Phe Phe Arg Gly Ala Gly Trp Ser Val lie Lys Val He Trp Gly Arg 
305 . 310 . 315. 320 

Glu Trp Asp Glu Leu Leu Glu Lys Asp Gin Asp Gly Ala Leu Val Glu 

.325 330 335 

Val Mel Asn Asn Thr Ser Asp Gly Asp Tyr Gin Thr Phe Lys Ala Asn 

340 .345 350 

Asp Gly Ala Tyr Val Arg Glu His Phe Phe Gly Arg Asp Pro Arg Thr 
355 .■ . • ■. 360 ^ 365 . . . 

Leu Lys Leu. Yal Glu Asp Mel Thr "Asp Glu Glu He Trp Lys Leu Pro 
■ .370 . ■ ■ 375- : '-. . 380 . • 

-Arg G 1-y Gl-y Hi s.Asp-Ty.r Arg . Lys_Y_a.l..Tyr ALa. Al a_Ty_r_Ly.s. Arg Aia 
385 390. ■ 395 400 
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Leu Glu Thr Lys Asp Arg Pro Thr Val lie Leu Ala His Thr lie Lys 
405 410 415 

5 Gly Tyr Gly Leu Gly His Asn Phe Glu Cly Arg Asn Ala Thr His Gin 

420 . ■ 425 430 

Met Lys Lys Leu Thr Leu Asp Asp Leu Lys Leu Phe Arg Asp Lvs Gin 
435 440 445 

,0 Gly Leu Pro lie Thr Asp Glu Glu Leu Glu Lys Asp Pro Tvr Leu Pro 

450 455 460 

Pro Tyr Tyr His Pro Gly Glu Asp Ala Pro Glu lie Lys Tyr Mel Lys 
465 470 475 480 

15 Glu Arg Arg Gin Ala Leu Gly Gly Phe Leu Pro Glu Arg Arg Glu Lys 

485 490 • 495 

Tyr Glu Pro Leu Gin Val Pro Pro Leu Asp Lys Leu Arg Ser Val Arg 
500 505 510 

20 Lys Gly Ser Cly Lys Gin Cln Val Ala Thr Thr Met Ala Thr Val Arg 

515 520 '525 

Thr Phe Lys Glu Leu Met Arg Asp Lys Asn Leu Ala Asp Arg Leu Val 
530 ■ 535 ■ 540 

25 Pro He lie Pro Asp Glu Ala Arg Thr Phe Gly Leu Asp Ser Trp Phe 

545 550 555 _ ^ 560 

Pro Thr Leu Lys He Tyr Asn Pro His Gly Gin Asn Tyr Val Pro Val 
565 - 570 . 575 

30 Asp His Asp Leu Met Leu Ser Tyr Arg Glu Ala Lys Asp Gly Gin lie 

580 585 590 

Leu His Glu Gly He Asn Glu Ala Gly Ser Val Ala Ser Phe lie Ala 
595 600 605 

35 Ala Gly Thr Ser Tyr. Ala Thr His Gly Glu Ala Met lie Pro Leu Tyr 

610 615 620 . . 

He Phe Tyr Ser Met Phe Gly Phe Gin Arg Thr Gly Asp Gly He Trp 
625 630 , ■ 635 ' ■ - 640 ' 

40 Ala Ala Ala Asp Gin Met Thr Arg Gly Phe Leu Leu Gly Ala Thr Ala 

645 650 . .655 

Gly Arg Thr. Thr Leu Thr Gly Glu Gly Leu Gin His Met Asp Gly His 
660 665 670 • 

■>5 Ser Pro Me Leu Ala Ser Thr Asn Pro Gly Val Glu Thr Tyr Asp Pro 

675 680 685 

Ala Phe Ser Tyr Glu He Ala His Leu Val His Arg Gly lie Asp Arg 
690 695 700 

so Met Tyr Gly Pro Cly Lys Gly Clu Asn Val He Tyr Tyr Leu Thr He 

705 .... 710 715 720 

Tyr Asn Glu Pro Thr Pro Gin Pro Ala Glu Pro Clu Asp Leu Asp Val 
. 725 , -.730 . ■ 735 ' 

55 Glu Gly Leu. His Lys Gly He Tyr Leu Tyr Asp Lys Ala Ala Glu Gly 
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740 745 ■ • 750 - ■ • 

'^TF^T7¥rs~G"lTTU~SFf^in'e-LW-A-r^^ 

755 750 . • ■ • 765 

Ala Leu Arg Ala Arg Asp lie Leu Ala Glu Asp Tyr Gly He- Arg Ala 

770 775 780 

Ash He Phe Ser Ala Thr Ser Trp Val Glu Leu Ala Arg Asp Gly Ala 
785 790 . - 795 800 

Arg Arg Asn Leu Glu Ala Leu Arg Asn Pro Gly Ala Asp Val Gly Glu 

. 805 810 815 

Ala Phe Val Thr thr Gin Leu Lys Lys Gly Ser Gly Pro Tyr Val Ala 

820' . 825 .830 

Val Ser Asp Phe Ala Thr Asp Leu Pro Asn Gin lie. Arg Glu Trp Val 

. -.835 840 845 

Pro Gly Asp Tyr He Val Leu Gly Ala Asp Gly Phe. Gly Phe. Ser Asp 

850 855 : .860 

Thr Arg Pro Ala Ala Arg Arg Tyr Phe Asn He Asp Ala Glu Ser He 
865 870 . 875 880 

Val Val Ala Val Leu Arg Gly Leu Val Arg Glu Gly Val He Asp Ala 

885. ■. 890 ' .895 ■ . ■ 

Ser Var Ala Ala His Ala Ala Glu Lys Tyr Lys. Leu Ser Asp Pro Thr 

900 . 905 •. . . " 910 . 

Ala Pro Gin Val Asp Pro Asp Ala Pro He Glu . 
,915 920 ■ 

<210> 23 • ■ ' ■ 

<2H> 4013 • 
<212> DNA ^ 

<213> Cbrynebacterium thermoaBinogenes 
<220>' ■ - . . . ; 

<221> CDS ,. \ . ■ . : 

<222> (319).. (3735) 

<400> 23 

gtccitmg caaatlctgc aaagtgggla gaggtcagal gtcagcaggi cggtccgat t 60 
ictgiaggaa agtggagccg itgggggcaa caiiaaccU ccccctggga tgtagclaaa 120 
cggcaatggg ggtctcgggc ggggggcall cttttcacgg caagglgglg aaal tccgca 180 
gglcaclccc cggccggcgg tagagaacgg agcgaaaacg gaaagcaala cglggtltic 240 
cggactggcc gltacgalgt Iclgaagagl gactgccalc acccaacagg ctgglcctcg 300 
icgaaaggaa c'aaaaact gtg gll aca aca aca ccc icc acg clg ccg gcg 351 

Val Val Thr Thr Thr Pro Ser Thr Leu Pro Ala 

. : 1 ,_. _.5 . _ 

tic aaa aag ate ctg gtg gcc aac cga ggt.gaa ale; gcg gtg cga gca 3:99 
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Phe Lys Lys Me Leu Val Ala Asn Arg Gly Glu He Ala Val Arg Ala 
15 20 25 

5 lie cgc gcc gcc tac gag acc ggg gcc gca acc gtg gcc ate tac ccc 447 

Phe Arg Ala Ala Tyr Glu Thr Gly Ala Ala Thr Val Ala lie Tyr Pro 

30 35 40 

egg gag gac cgt ggc ice ttc cac cgc tec lie gcc Icc gag gcg gig 495 
10 Arg Glu Asp Arg Gly Ser Phe His Arg Ser Phe Ala Ser Glu Ala Val 

45 50 55 . . 

agg ale gga acc gag ggc lea ccc glc aag gcg lac etc gal alt gat 543 
Arg He Gly Thr Glu Gly Ser Pro Val Lys Ala Tyr Leu Asp He Asp . 
15 60 65 -70 75 

gag ale ale aac gcc gcc aag aag gig aaa gcg gac gcg gtc tac ccg 591 
Glu He He Asn Ala Ala Lys Lys Val Lys Ala Asp Ala Val Tyr Pro ' 
80 85 90 

20 ggg lal ggt He cll leg gaa aat gcc cag etc gcg cgt gaa igc gcg 639 

Gly Tyr Gly Phe Leu Ser Glu Asn Ala Gin Leu Ala Arg Glu Cys Ala 

95 100 105 

gag aac ggc atl acc Itc ale ggt ccc acc ccg gag gig etc gac etc 687 
25 Glu Asn Gly He Thr Phe He Gly Pro Thr Pro Glu Val Leu Asp Leu 

HO 115 120 

acg ggc gac aag tec aag gel gtg tec gcc gcg aag aag gcc ggg clg 735 
Thr Gly Asp Lys Ser Lys Ala Val Ser Ala Ala Lys Lys Ala Gly Leu 
30 1 25 1 30 1 35 . 

ccg gtg ctg gcg gaa Icc acc ccc age acc gac ale gat gag ate gtc 783 
Pro Val Leu Ala Glu Ser Thr Pro Ser Thr Asp He Asp Glu He Val 
140 145 .150 155 

35 aag agt gcc gag ggg cag acc tac ccg ale tic gtc aag gee gtc gca 831 

Lys Ser Ala Glu Gly Gin Thr Tyr Pro He Phe Val lys Ala Val Ala 

150 . 165 170 • 

ggl ggt ggc ggg, cgt ggt atg egg tic gtc gag aag ccc gag gac clg 879 
■^^ Gly Gly Gly Gly Arg Gly Met Arg Phe Val Glu Lys Pro Glu Asp Leu 

175 , 180 185 ' 

cgt gag ctg gcc agg gag gcc tec cgc gag gcg gag gcc gel ttc ggl . 927 
Arg Glu Leu Ala Arg Glu Ala Ser Arg Glu Ala Glu Ala Ala Phe Gly 

190 ' 195 , • 200 ' 

gac gga tec gtc tac gtc gaa egg gcc gig ale aaa ccc cag cac ate 975 
Asp Gly Ser' Val Tyr Val Glu Arg Ala Val He Lys Pro Gin His He 

205 ' ■ 210 .215 - 

gag gtg cag ale etc ggt gat cac acc ggc gat gtc ate cac ctg lal' 1023 
Glu Val Gin He Leu Gly Asp His Thr Gly Asp Val He His Leu Tyr 
220 225 -230 235 

gaa cgc gac tgt tec ctg cag cgc cgc cac cag aag glc gtg gag ate 1071 
Glu Arg .Asp Cys Ser Leu Gin Arg Arg His Gin Lys Val Val Glu He 
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gca cct 
Ala Pro 

ga t gc c 
Asp Ala 

gtg gag 
Val Glu 
285 
aac ccc 
Asn Pro 
300 

,gtc gac 
Val Asp 

aag gaa 
lys Glu 

ctg cag 
Leu Gin 

gac acc 
Asp Thr 
365 
cgt etc 
Arg Leu 
380 

gal tec 

Asp Ser 

. gee gtg 
Ala Val 

gtg gee 
Val Ala 

I to acc 
Phe Thr 
445 
c^tg e t c 
Leu Leu 
460 



gcc cag 
Ala Gin 
255 
gtg aag 
Val Lys 
270 

ttc etc 
Phe Leu 

cgc ate 
Arg He 

ctg gtc 
Leu Val 

ctg ggc 
Leu Gly 
335 
tgc cgc 
Cys Arg 
350 

ggt gtg 
Gly Val 

gac ggc 
Asp Gly 

atg ctg 
Met Leu 



cac etc 
His Leu 

t t c tgc 
Phe Cys 

gtc gac 
Val Asp 

cag gig 
Gin Val 
305 
aag gcg 
Lys Ala 
320^ 

ctg acc 
Leu Thr 

ate acc 
He Thr 

ate acc 
1 1 e Thr 

gca gcc 
Ala Ala 
385 
gtc aag 
Lys 



gac ccg gag 
Asp Pro Glu 
260- 
t c c a t c 



aaa 

Lys Ser 



He 



tec cga 
Ser Arg 
415 
acc aac 
Thr Asn 
430 

aag agg 
Lys Arg 



Val 
400 

gee' cag 

Ala Gin 

ate ggc 

He Gly 

cgc ate 

Arg He 



275 : 
gag gcg ggc 
Glu Ala Gly 
290 ' 
gaa cac acc 
Glu His Thr 

cag atg cac 
Gin Met His 

cag gac aag 
Gin Asp Lys* 
^ 340 
acg gag gac 
Thr Glu Asp 

355 
gcc tac cgc 
Ala Tyr Arg 
370 

cag etc ggc 
Gin Leu Gly 

atg acc tgc 
Mel Thr Cys 



ctg cgc 
Leu Arg 

gga tac 
Gly Tyr 

aac cac 
Asn His 

gtg ace 
Val Thr 
310 
ctg gcc 
Leu Ala 
325 

ate acc 
He Thr 

ccg tee 
Pro Ser 

tec ccg 
Ser Pro 

ggc gag 
Gly Glu 
390 
cgc ggt 
Arg Gly 
405 



e^g gcc c^ca ccg 
Gin Ala Pro Pr^o 

• ^ 465 



cgc gcc ctg 
Arg Ala. Leu 
420 

tic ctg cgt 
Phe Leu Arg 

435 
gac acc ggc 
Asp Thr Gly 
450 

gcc gac gal 
Tfa 'aTp"Asp 



gcg gag 
Ala Glu 



gac cgc 
Asp Arg 

cag ggc 
Gin Gly 
280 
gtc ttc 
Val Phe 
295 

gag gag 
Glu Glu 

gcc ggt 
Ala Gly 

acc cac 
Thr His 

aac aac 
Asn Asn 
360 
ggt ggt 
Gly Gly 
375 

ate acc 
lie Thr 

tec gat 
Ser Asp 

ttc aac 
Phe Asn 



250 

"tgi- 



gcg ctg 
Ala Leu 

ttc ale 
Phe He 

gag cag 
^Gru^^Gln 
- 470 



ctg cgc 
Leu Arg 

■■■ 440 
ggc ice 
Gly Ser 
455 . 
ggg egg 
'GTy Af'g 



atx~"t &i gcc 

He Cys Ala 
265 ; 

gcc ggc acc 

Ala Gly Thr 

att gag atg 
He Glu Met 

gtc ace tec 
Val Thr Ser 
315 

gcc ace ctg 
Ala Thr Leu 

330 
ggt gcc gcc 
Gly Ala Ala 
^345 ' 
lie egg ccc 
Phe Arg Pro 

gcg ggt gtg 
Ala Gly Val 

gca cat t tc 
Ala His Phe 

395, 

t ic gag acc 
Phe Glu Thr 

410 : 

gtc tec ggc 
Val Ser Gly 
425 

gag gaa gac 
Glu Glu Asp 



cac cag cac 
His Gin His 

ate ctg gaa 
" ITe" Leu^ G l u 
4 75 



H67 



1215 



1263 



1311 



1359 



1407 



1455 



1503 



1551 



1599 



1647 



1695 



1743 
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tac ctg gcg gat gtc acc gtg aac aaa ccc cac ggt gaa cgc ccc gag 1791 

Tyr Leu Ala Asp Val Thr Val Asn Lys Pro His Gly Glu Arg Pro Glu 

^ 480 ' 485 490 

aca gcc cgt ccg ata gag aag ctg ccc gag gtg gag aac ate ccg ctg 1839 

Thr Ala Arg Pro He Glu Lys Leu Pro Glu Val Glu Asn lie Pro Leu . 
495 500 505 

10 cca cgc ggc Ice cgc gac cgc ctg aag cag etc ggc ccg gag ggt tic 1887 
Fro Arg Gly Ser Arg Asp Arg Leu Lys Gin Leu Gly Pro Glu Gly Phe 

510 515 520 
gcc cgc gat ctg cgc gaa cag gat gcc ctg gcc gtc acc gac acc acc 1935 

15 Ala Arg Asp Leu Arg Glu Gin Asp Ala Leu Ala Val Thr Asp Thr Thr 
525 530 535 

Itc cgc gal gcc cac cag tec etc ctg gee ace cgc gtg cgc tec ttc 1983 

Phe Arg Asp Ala His Gin Ser Leu Leu Ala Thr Arg Val Arg Ser Phe. 
20 540 545 550 ■ 555 

gcg ctg acc ccg gcg gcg cgc gcc gtc gca aag etc acc ccc gag ctg 2031 

Ala Leu Thr Pro. Ala Ala Arg Ala Val Ala Lys Leu Thr Pro Glu Leu 
; 560. - ■ 565 570 

25 ctg teg gtg gag gcc tgg ggc ggt gcc ace tac gac gtg gcc atg cgc 2079 

Leu Ser Val Glu Ala Trp Gly Gly Ala Thr Tyr Asp Val Ala Met Arg 

575 . 580 585 

ttc etc ttc gag gat ccg tgg gca cgc ctg gal gag ctg cgt gag gcg .2127 

30 Phe Leu Phe Glu Asp Pro Trp Ala Arg Leu Asp Glu Leu Arg Glu Ala 

590 . 595 600 

atg ccg aal gtg aac ate cag atg ctg ctg cgt ggt cgc aac acc gtc 2175 

Met Pro Asn Val Asn He Gin Met Leu Leu Arg Gly Arg Asn Thr Val 
35 6 0 5 6 1 0 - 6 1 5 

ggg tac acc ccg tac ccc gat teg gtg tgc cgc gcg til gig cag gag .2223 

Gly Tyr Thr Pro Tyr Pro Asp Ser Val Cys Arg Ala Phe Val Gin Glu • • 
520 625 630 - 635 

gcc gcc aag tee ggt gtg gac ate ttc cgc ate ttc gac gcg etc aac 2271 

Ala Ala Lys Ser Gly Vat Asp He Phe Arg lie Phe Asp Ala Leu Asn 

540 645 : 650 

gac ate tec cag atg cgc ccg gcc ate gac gcc gtc clg gag acc ggc 2319 

Asp Me Ser Gin Met Arg Pro Ala He Asp Ala Val Leu Glu Thr Gly 

655 660 665 / 

acc agt git gcc gag gtc gcc atg gcg tac Icc ggt gac cig tec aal 2367 

Thr Ser Val Ala Glu Val Ala Met Ala Tyr Ser Gly Asp Leu Ser Asn 

670 / ^ 675 . .^680 - • 

ccg ggg gag aag etc lac acc ctg gac lac tac ctg aac clg gcc gag 2415 

Pro Gly Glu Lys Leu. Tyr Thr Leu Asp Tyr Tyr Leu Asn. Leu Ala Glu 

685 ^ 690 , .695 

cag ate .gtc gac tec ggl gca cac alp . clg gcc ate aag gac atg gcc 2463 
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Gin He Val Asp Ser Glv Ala His lle Leu Ala lie Lys Asp Mel Ala 
'700"^^ ~~ ~705 , ■ ' -710-— — —7-1-5— 

ggc ctg clg cgc cgc gcc gcg gcg ccc aaa ctg gtc acc gcc ctg cgc 2511 
Gly Leu Leu Arg Arg Ala Ala Ala Pro Lys Leu Val Thr Ala Leu Arg 

,720 725 730 , 

cgl gaa Itc gac clg cot gtg caf glc cac acc cac gac acc gcc ggc 2559 
Arg Glu Phe Asp Leu Pro Val His Val His Thr His Asp Thr Ala Gly 

735 740 745 

ggt cag ctg gcc acc tac ctg gcc gcc gcc aac gcc ggg gcc gat gcc 2607 
Gly Gin Leu Ala Thr Tyr Leu Ala Ala Ala Asn.Ala Gly Ala Asp Ala 

750 . . 755 760 , . 

glc gac gcc gcc tec gca ccc ctg tec ggl acc acc tec cag ccg teg 2655 
Val Asp Ala Ala Ser Ala Pro Leu Ser Gly Thr Thr Ser Gin Pro Ser 

765 ^^0 . 775 

atg tec get ctg gtt gcc gcg ttt gcg cac acc cga cgc gac acc ggc 2703 
Met Ser Ala Leu Val Ala Ala Phe Ala His Thr Arg Arg Asp Thr Gly 
780 785 . . . .790: ; 795 

etc aac clg cag gcc glc icc gac ctg gaa ccg tac tgg gag gcg gtc 2751 
Leu Asn Leu Gin Ala Val Ser Asp Leu Glu Pro Tyr Trp Glu Ala'Val 











800 








805 






810 






Cgc 


gga 


ctg 


tac 


ctg 


ccg 


ttt 


gaa 


tec ggc acc ccg 


ggc 


ccg 


acc 


gga 


2799 


Arg 


Gly 


Leu 


Tyr 


Leu 


Pro 


Phe 


Glu 


Ser Gly Thr Pro 


Gly 


Pro 


Thr. 


Gly 










815 










820, 




825 








cgc 


gtt 


tac 


cgc 


cac 


gag 


ate 


ccc 


ggc ggt cag ctg 


tec 


aac 


ctg 


cgl 


2847 


Arg 


Val 


Tyr 


Arg His 


Glu 


He 


Pro Gly Gly Gin Leu 


Ser 


Asn 


Leu 


Arg - 








830 










835 




840 










gcc 


cag 


gcc 


gtt 


gea 


ctg ggt 


ctg 


gcc gac cgc t tc 


gag 


etc 


ate. 


gag 


2895 


Ala 


Gin 


Ala 


Val 


Ala 


Leu Gly 


Leu 


Ala. Asp Arg Phe 


Glu 


Leu 


lie 


Glu 






845 










850 




. 855 












gac 


tac 


lac 


gcg 


gcc 


gtc 


aac 


gag 


atg ctg ggt cgt 


ccg 


acc 


a^ag 


gtc 


2943 


Asp 


Tyr 


Tyr 


Ala 


Ala 


Val 


Asn 


Glu Mel Leu Gly Arg 


Pro 


Thr 


Lys 


Val 




860 










865^ 






' .870 








875 


2991 


acc 


ccg 


tec 


tec 


aag 


gtt 


gtc 


ggt 


gac etc gca. ctg cac 


etc 


gtc 


ggl 


Thr 


Pro 


Ser 


Ser, 


Lys 


Val 


Val 


Gly 


Asp Leu Ala Leu 


His 


Leu 


Val 


Gly 












880 








885 






890 






gcc 


ggl 


gtg 


age 


ccg 


gag gal 


tic 


gcc gcc. gat ccg 


cag 


aag 


tac 


gac. 


3039 


Ala 


Gly 


Val 


Ser 


Pro 


Glu 


Asp 


Phe 


Ala Ala Asp Pro 


Gin 


Lys 


Tyr 


Asp 










895 










900 . 




905 








ate 


ccc 


gat 


leg 


gtc 


ate 


gcc 


tic 


etc cgc ggc gaa 


ctg 


ggt 


acc .cc I 


3087 


He 


Pro 


Asp 


Ser 


Val 


lie 


Ala 


Phe 


Leu Arg Gly Glu 


Leu 


Gly 


Thr 


Pro 








910 










915 




920 










ccc 


ggt 


ggc 


" t gg' 


ccc 


gaa 


ccg 


ctg 


cgc- acc-cg t- gc a 


- c-t e 


-gagrggl 


-cgc- 


3135 


Pro 


Gly 


Gly 


.Trp 


Pro 


Glu 


Pro 


Leu 


Arg Thr, Arg Ala 


Leu 


Glu Gly Arg 
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925 930 935 

tec cag ggt aag gcc ccg ctg gcg gag ate ccc gcc gag gag cag gcc 3183 
5 Ser Gin Gly Lys A!a Pro Leu Ala Glu He Pro Ala GIu Glu Gin Ala' 

940 945 ■ 950 955 

cac ctg gat tec gal gat tec gcg gag cgt cgc ggc acc etc aac cgc 3231 
His Leu Asp Ser Asp Asp Ser Ala Glu Arg Arg Gly Thr Leu AsnArg 
ro 960 965 ' 970 

ctg ctg ttc ccg aag ccg acc gag gag ttc ctl gag cac cgt cgc cgc ' 3279 
Leu Leu Phe Pro Lys Pro Thr Glu GluPhe Leu Glu His Arg Arg Arg 

975 ; 980 985 

tic ggc aac acc tec gcc ctg gat gac cgc gag ttc ttc tac ggc ttg 3327 
Phe Gly Asn Thr Ser Ala Leu Asp Asp Arg Glu' Phe Phe Tyr Gly Leu ■■ 

990 • ■ 995 • ]000 ' 

aag gag gga cgt gag gag ctg ate cga ctg acc ggt gtg tec acc. ccg 3375 
Lys Glu Gly- Arg Glu Glu Leu lle:Arg Leu Thr Gly Val Ser Thr Pro - 

1005 ' 1010 1015 . - 

a(g gig g(c cgc ctg gat gcg gtg tcc.gaa ccg gat gac aaa ggc at g 3423 
Met Val Val Arg Leu Asp Ala Val Ser Glu Pro Asp Asp Lys Gly Met 
1020 ■ 1025 1030 ■ 1035 ■ 

cgc aac gig gig gic aac gtc aac ggc cag ate cgc ccg ate aag gtg 3471 
Arg Asn Val Val Val Asn Val Asn Gly Gin He Arg Pro lie Lys Val 

1040 1045 1050 

cgc gac cgt tec gtg gag tec gtc acc gcc acc gcg gag aag gcc gat" 3519. 
Arg Asp Arg Ser Val Glu Ser Val Thr Ala Thr Ala Glu Lys Ala' Asp 

1055 1060 1065 ■ 

gcc acc aac aag ggc cat gtc gcc gea cca ttc gcc ggt gtg gtc acc 3567 
Ala Thr Asn Lys Gly His Val Ala Ala Pro Phe Ala. Gly Val Val Thr • C 

. 1070 1075 1080 ■ 

gtg acc glc gee gag ggt gat gag ate aag get ggc gac gee gtg gcc 3615- 
Val Thr Val Ala Glu Gly Asp Glu lie Lys Ala Gly Asp Ala Val Ala ■ 

1085 .1090 ; 1095 . 

ate ati gag gcc afg aag alg gag gcc acc ate ace gcg cet gtc gac 3663 
Me Ile Glii Ala Met Lys Met Glu Ala Thr He Thr Ala Pro Val Asp 
1100 1105 . mo • IJI5 : 

ggl gtc ale gac cgc gtc gig gtg ccc gcc gcc acc aag gtc gag ggc 3711 
Gly Vallle Asp Arg Val Val Val Pro Ala Ala Thr lys. Val Glu Gly ' 

1 120 . 1125 1 130,; 

ggc gac etc ate gtg gtc gtg tec tagegaclga gagccacaac ecgteceggg 3765 
Gly Asp Leu He Val Val Val Ser 
1135 

tgccttgtta tcaacctcec cclgatgaig tietcagggg gaggeteiac glaccicacc 3825 
gigaeggtgc algtatatcg fectgctgga gagaatgcic caggtaggaa cgccaaecac 3885 
cccaclccgt gatgtcccgi gctgalccca ggcaggccgg tiggaaagaa aaaccagtga 3945 
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tggaacggcc atcggacagc gagacggaac caagcgtcat cggctccggt agagcggtga 4005.^ 

^^^^^..^ , . 4013 

^ -ftg-a'^v-t-i-B — — ^ — ■ ^ — : ^ — ' — ^ — ' — — ^ — ~ — ^ ^ — — = — ~ — " — — 
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45 



.<210>V24 
<211> 1139 
<212> PRT 

<213> Corynebacterium ihermoaminogenes 
<400> 24 

Val Val Thr Thr Thr Pro Ser Thr Leu Pro Ala Phe Lys Lys He Leu 

1 [ ■ 5 : .10 15 

Val Ala Asn Arg Gly Glu Ue Ala Val Arg Ala Phe Arg Ala Ala Tyr 

, 20 ■ v ,25 . 30 

Glu Thr Gly Ala Ala Thr Val Ala He Tyr Pro Arg Glu Asp Arg Gly 

35 - 40 45 

Ser Phe His Arg Ser Phe Ala Ser Glu Ala Val Arg He Gly Thr Glu 

50. ■ 55 60 , 

Gly Ser Pro Val Lys Ala Tyr Leu Asp He Asp Glu . He He Asn Ala 
65 70 : ■ : 75. . ; 80 ; 

, Ala Lys Lys Val Lys Ala Asp Ala Val Tyr Pro Gly Tyr Gly Phe Leu 
. 85 - 90 . 95 

Ser Glu Asn Ala Gin Leu Ala Arg Glu Cys Ala Glu Asn Gly He Thr 

100 105 • .110 

Phe lie Gly Pro Thr Pro Glu Val Leu Asp. Leu Thr Gly Asp Lys Ser 

115 - ■ . 120 125 

Lys Ala Val. Ser Ala Ala Lys Lys Ala Gly leuPro Val Leu Ala Glu. 

130 135 140 

Ser Thr Pro Ser Thr Asp Me Asp Glu lie Val Lys Ser Ala-Glu Gly 
145 150. . 155 160 

Gin Thr Tyr Pro He Phe Val Lys Ala Val.Ala Gly Gly Gly Gly Arg 

1.65 .170 175 

Gly Met Arg Phe VaT Glu Lys Pro Glu Asp Leu Arg Glu Leu Ala Arg 

. 180 ■ 185 190 

Glu Ala Ser Arg Glu Ala Glu Ala Ala. Phe Gly Asp Gly Ser Val Tyr 

195 200 205 

Val Glu Arg Ala Val He Lys Pro Gin His lie Glu Val Gin He Leu 

210 215 . • 220 

Gly Asp His Thr Gly Asp Val He His Leu Tyr Glu Arg Asp Cys Ser 
225 \ 230 . , r : 225 240 

50 Leu Gin Arg Arg His Gin Lys Val Val Glu He Ala Pro Ala Gln His 

24.5 ■ 250. : 255 

Leu Asp Pro Glu Leu Arg Asp Arg He Cys Ala Asp Ala Val Lys Phe 

^2.50. 265. . ; . -.270 .__ 

55 Cys Lys Ser lie Gly Tyr Gin Gly Ala Gly Thr Val Glu Phe Leu Val 
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275 . . • 280 .285 

Asp Glu Ala Gly Asn His Val Phe lie Glu Met Asn Pro Arg lie Gin 
^ 290 295 . 300 

Val Glu His Thr Val Thr Glu Glu, Val Thr Ser Val Asp Leu Val Lys 

305 310 . 315 320 

Ala Gin Met His Leu Ala Ala Gly Ala Thr Leu Lys Glu Leu Gly Leu 
,0 . 325 330 ■ ' 335 

Thr Gin Asp Lys He Thr Thr His Gly Ala Ala Leu Gin Cys Arg lie 

340 345 350 

Thr Thr Glu Asp Pro Ser Asn Asn Phe Arg Pro Asp Thr Gly Val lie 
,5 355 360 . 365 

Thr Ala Tyr Arg Ser Pro Gly Gly Ala Gly Val Arg Leu Asp Gly Ala 

370 375 . 380 

Ala Gin Leu Gly Gly Glu, He Thr Ala His Phe Asp Ser Met Leu Val 

20 3 8 5 3 9 0^ • 395. 400 

Lys Met Thr Cys Arg Gly Ser Asp Phe Glu Thr Ala Val Ser Arg Ala 

. 405 ■ - 410 415 

Gin Arg Ala^ Leu Ala Glu Phe Asn Val Ser Gly Val Ala Thr Asn lie 
25 4 2 0 ■ , ■■ 425 • 430 ' 

Gly Phe Leu Arg Ala Leu Leu Arg Glu Glu Asp Phe Thr Lys Arg Arg 

435 -440 445 

lie Asp Thr Gly Phe lie Gly Ser His Gin His Leu Leu Gin Ala Pro 
30 450 455 460 

Pro Ala Asp Asp Glu Gin Gly Arg lie. Leu Glu Tyr Leu Ala Asp Val 

465 • • 470 ■ ' "^^S -480 

Thr Val Asn Lys Pro His Gly Glu Arg Pro Gl'u Thr Ala Arg Pro He 
35 . ■■■ 485 490 • ■ 495 

Glu Lys Leu Pro Glu Val Glu Asn He Pro Leu Pro Arg Gly Ser Arg 

500 505 510 ■ 

Asp Arg Leu Lys Gin Leu Gly Pro Glu Gly Phe Ala Arg Asp Leu Arg 
*° 515 • • 520 " 525 ' " 

Glu Gin Asp Ala Leu Ala Val Thr Asp Thr Thr Phe Arg Asp Ala His 

530 ■ 535 ■540 

Gin Ser Leu Leu Ala Thr Arg Val Arg; Ser Phe Ala Leu Thr Pro Ala 

■'^ 545 -550 ■ - 555 . 560 

Ala Arg Ala Val Ala Lys Leu Thr Pro Glu Leu Leu Ser Val CIu Ala 

■555 • 570 ■ -575 • • 

Trp Gly Gly Ala Thr Tyr Asp Val Ala Met Arg Phe Leu Phe Glu Asp 
^ 580 ■ .585 590 ■ : 

Pro Trp Ala Arg Leu Asp Glu Leu Arg Glu Ala Met Pro Asn Val Asn 

595 ■ 600 605 - ■■ 

He Gin Met Leu Leu Arg Gly Arg Asn Thr Val Gly Tyr Thr Pro Tyr 
610 , ■ . 615 - • ■ -620 •■ - •• 
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Pro Asp Ser Val 
62'5 ■ ^ • 
Val Asp lie Phe 

Arg Pro 

Val Ala 



Cys Arg Ala Phe Val Gin Glu Ala Ala Lys Ser Gly 

. ■ ^c^c__ ■ • - - fiiin. 

, . , , . 



Tyr Thr 
690 
Gly Ala 

, T05 . , 
Ala Ala 

Pro Val 

Tyr Leu 

Ala Pro 
770 
Ala Ala 
785 

Val Ser 

Pro Phe 

Glu Me 

Leu Gly 
' 850 
Val Asn 
865 

Val Val 
Giu Asp 
He Ala 



Glu Pro 
930 
Pro Leu 

.9.45 

Asp Ser 



Arg lie Phe Asp Ala Leu Asii Asp lie Ser Gin Mel 
645 • .650 . 655 

Asp Ala Val Leu Glu Thr Gly Thr Ser Val Ala Glu 

66.5 67.0 • 

Tyr Ser Gly Asp Leu Ser Asn Pro Gly Glu Lys Leu 

.680 . 685 
Tyr Tyr Leu Asn Leu Ala Glu Gin lie Val Asp Ser 

695 700 
Leu Ala lie Lys Asp Mel Ala Gly Leu Leu Arg Arg 
710 715 ' , _ 720 

Lys Leu Val Thr Ala Leu Arg Arg Glu Phe Asp Leu 
725 "^SO 7,35 

His Thr His Asp Thr Ala Gly Gly Gin Leu Ala Thr 

■ 745 750 
Ala Asn Ala Gly Ala Asp Ala Val Asp Ala Ala Ser 

: - . 760 ■■ ■ ■ • ■ 765': . ■ 

Gly Thr Thr Ser Gin. Pro Ser Mel Ser Ala Leu Val 

775. • 780 

His Thr Arg Arg Asp Thi: Gly Leu Asn Leu Gin Ala 
790 795 800' 

Glu Pro Tyr Trp Glu Ala Val Arg Gly Leu. Tyr Leu 
805 810 815 

Gly Thr Pro Gly Pro Thr Gly Arg Val Tyr Arg His 

.825 ; 830 

Gly Gin Leu Ser Asn Leu, Arg Ala Gin Ala Val Ala 

840 . 845 

Asp Arg Phe Glu Leu He Glu Asp Tyr Tyr. Ala Ala 

.855 850 . 

Leu Gly Arg Pro Thr Cys Val Thr Pro Ser Ser Lys 
870 . 875 . 880 

Leu Ala Leu His Leu Val Gly Ala Gly Val Ser Pro 
885 ■ 890 895 . 

Ala Asp Pro Gin Lys Tyr Asp He Pro Asp Ser Val 

905 ' 910 
Arg Gly Glu Leu Gly Thr Pro Pro Gly Gly Trp Pro 

920 925 
Thr Arg Ala Leu Glu Gly Arg Ser Gin Gly Lys .Al a 
. 935 ■ . 94.0 

Ala Glu He Pro Ala Glu Glu Gin Ala His Leu Asp Ser Asp 

... _ .950 . 1 _ l955l ■ . _ 960^ 

Ala Glu- Arg Arg Gly Thr Leu Asn' Arg Leu Leu, Phe Pro Lys 



A,la He 
660 
Met Ala 
675 

Leu Asp 

His He 

Ala Pro 

His Val 
740 
Ala Ala 

755 . 
Leu Ser 

Phe Ala 

Asp Leu 

Glu Ser 
.820 
Pro: Gly 
835 

Leu Ala 

Glu Met 

Gly Asp 

Phe Ala 
900 
Phe Leu 
915 

Leu Arg 
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965 .970 975 

Pro Thr Glu Glu Phe Leu Glu His Arg Arg Arg Phe Gly Asn Thr Ser 
5 980 985 990 

Ala Leu Asp Asp Arg Glu Phe Phe Tyr Gly Leu Lys Glu Gly Arg Glu 
995 1000 1005 

. Glu Leu He Arg Leu Thr Gly Val Ser Thr Pro Me! Val Val Arg Leu 
10 1010 1015 1020 

Asp Ala Val Ser Glu Pro Asp Asp Lys Gly Met Arg Asn Val Val Val 
025 1030 1035 1040 

Asn Val Asti Gly CIn lie Arg Pro He Lys Val Arg Asp Arg Ser Val 

•045 ■ 1050 . 1055 

Glu Ser Val Thr Ala Thr Ala Glu Lys Ala Asp Ala Thr Asn Lys Gly 

1060 . 1065 1070 

His Val Ala Ala Pro Phe Ala Gly Val Val Thr Val Thr Val Ala Glu 

1075 1080 1085 

Gly Asp Glu He Lys Ala Gly Asp Ala Val Ala He He Glu Ala Mel 

1090 . , 1095 ' 1100 

Lys Met Glu Ala Thr He Thr Ala Pro Val Asp Gly Val He Asp Arg ' 
105 1110 MIS ■ . ■ 1120 

Val Val Val Pro Ala Ala Thr Lys Val Glu Gly Gly Asp Leu He Val 
1125 ■ 1130. 1135 

Val Val Ser 



30 



<210> 25 • , . 
<211> 3306 
35 <212> 'dNA 

<213> CorynebacteriuB IhcnDoaminogenes 

<220> 
■*o' <221> CDS 

<222> (64).. (2820) 



4S 



<400) 25 

gatcaaccta agccaggaga alccggcggg. cggt tlclac Uciacagga gctgaacccc 60 
acc gtg aat gaa cll clc cgt gac gat ate cgt tat etc ggc egg ate 108 
Val Asn Glu Leu Leu Arg Asp Asp He Arg Tyr Leu Gly. Arg He- 
' 5 , 10 15 

ctg ggc g.ag gtg ale tec gag cag gag ggc cac cat gtc He gaa ctg 156 
Leu Gly Glu Val He Ser Glu GIn Glij Gly His His. Val Phe Glu Leu 
■ . 20. - , 25 .: . 30... . 

gtt gaa ego gcc cgc egg acc tec ttc gac ate gcc aag gga cgc gcg 204 
Val Glu. Arg. Ala Arg Arg Thr Ser- Phe Asp He Ala Lys Gly Arg Ala 
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10 



20 



25 



• 30 



35 



40 



50 



55 



-^gag-a-t-g. 
GIu Met 

gcc acg 
Ala Thr 
55 

etc gcg 
Leu Ala 
80 

teg ggt 
Ser Gly 

ctg gal 
Leu AsD 

aat gcg 
Asn Ala 

cgt cgl 
Arg Arg 
145 
gaa . cgc 
Glu Arg 
160 

aag ctg 
Lys Leu 

Igg tag 
Trp Gin 

gtc gag 
Val Glu 

ccc cgc 
Pro Arg 
225 
ggg gal 
Gly Asp 
240 

ggg gac 
^ G 1 y- As p 



35 

_gac_ag.t_ 
Asp Ser 
,50 

ccc gtg 
Pro Val 

gag gat 
Glu Asp 

gag cec 
Glu Pro 

gat gcc 
Asp Ala 
115 
etc gtc 
Leu Val 
130 . 
acc gtg 
Thr Val 

cac etc 
His Leu 

ga t gac 
Asp Asp 

acg gcc 
Thr Ala 



clg^gig. 
Leu Val 

gcc cga. 
Ala Arg 

t tg cat 
Leu His 
85 

gcg cog 
Ala Pro 

ioo 

ggg gig 
Gly Val 

gcc ccg 
Ala Pro 

tie gac 
Phe Asp 

etc ctg 
Leu Leu 
. 165 
ate gag 
lie Glu 
180 

etc ate 
Leu 1 le 



gag gtg 



40 45 
ttc get ggc ate gac ccg gag gac 252 



Glu Val Phe Ala Gly lie 
55 

gcc tic acc cat 
Ala Phe Thr His 
70 

gac gca gee cag 
Asp Ala Ala Gin 



gac age 
Asp Ser 

ggc age 
Gly Ser 

gig etc 
Val Leu 
135 
gcg cag 
Ala Gin 
150 

gcg.c tg 
Ala Leu 

cgc aac 
Arg Asn 

cgt gtg 
Arg Val 



git 
Val 
210 
alc 
He 



195 

gga 
Gly 

a.al 
Asn 



ate ccc 
He Pro 

cat gat 

His -Asp 



ctg cgc 
Leu Arg 

cat gat 
His Asp 

acc acg 
Thr Thr 
■ 245 
ggc aac 
_Gly^Asn 

' 260 



tac tae 
Tyr Tyr 
215 
gig acc 
Val Thr 
230 ' 
gcg' a tg 
Ala Met 

ccc ttc 
Pro Jhe 



acc etc 
Thr Leu 
. 105 
ggt gag 
Gly Glu 
1 20 

acc gcg 
Thr Ala 

aag cac 
Lys His 

cec acg 
Pro Thr 

ate egg 
lie Arg 
185 
gcc cgt 
Ala Arg 
200 

aag etc 

Lys Leu 



ttc gcc 
Phe Ala 
75 

egg gaa 
Arg Glu 

90 ; 
gag gcc 
Glu Ala 

gtc gee 
Val Ala 

cac ccg 
His Pro 



alp 
Me 



acc 
Thr 
155 
gee 
Ala 



Asp Pro 
60 

ctg ttg 
Leu Leu 

cag gee 
Gin Ala 

acc tgg 
Thr Trp 

gcg gtg 
Ala Val 
125 
acg gaa- 
Thr Glu 
140 

gcc ctg 
Ala Leu 



gig gaa 
Val Glu 

gtc agg 
Val Arg 

gtc ate 
V aJ Thj 
265 



eat. 
His 
170 

cga .egg 
Arg Arg 

cec cgc 
Pro Arg 

age ctg 
Ser Leu 

ctg gee 
Leu Ala 
235 
ccg gga 
Pro Gly 
250 

gcg gag 
Ala Glu 



egg ace 
Arg Thr 

ate acg 
Me Thr 



ate gag 
Me Glu 
205 
ttg gee 
Leu Ala 
220 

egg cgt 
Arg Arg 

ice tgg 
Ser Trp 

act gtc 
Thr Val 



Glu Asp 

gcc aac* 
Ala Asn 

ctg aac 
Leu Asn 
95 

gig aaa 
Val Lys 
1 10 

ate cgc, 
lie Arg 

acc ega 
Thr Arg 

atg gag 
Met Glu 

cag tec 
Gin Ser 
175 
ate ctg 
lie Leu 

190: 

gat gag 
Asp Glu 



gag ate 
Glu Me 

ric ggc 
Phe Gly 

ate ggc 
He Gly 
255 
acC t ac 
Thr Tyr 
270 " ' 



300 



348 



396 



444 



492 



540 



588 



636 



684 



732 



780 



828 



875 
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gcc acc cai egg gcc gcg gag acc gtg etc aag lac tac gi.c aag caa 
Ala Thr His Arg Ala Ala Glu Thr Val Leu Lys Tyr Tyr Val Lys Gin 

275 .. 280 . 285. 

ctg cac gcc ctg gaa cac gaa.ctc agl etc tec gac egg atg aac gtc 
Leu His Ala Leu Glu His Glu Leu Ser Leu Ser Asp Arg Met Asn Val 

290 295, , . 300 

ate age gat gag ctg cgt gtg ctt gee gat. gcc ggc cag aat gac atg 
He Ser Asp Glu Leu Arg Val Leu Ala Asp Ala Cly Gin Asn Asp Met 

305 310 . 315 

ccc age egg gl t. gat gaa cec tac egg egg gee ate, cac ggc atg cgt 
Pro Ser Arg Val Asp Glu Pro Tyr Arg Arg Ala lie His Gly Met Arg 
320 , 325 330 • , 335 

ggc egg atgctg gee acc acg gcc gcc ctg ate ggt gag gag gcg gtc 
Cly Arg Met Leu Ala Thr Thr Ala Ala Leo He Gly Glu Glu Ala Val' 

- 340 345 . , 350 • 

gag ggc acc igg tic aag ace (te acg ccc tat acc gat acc cac gag 
Glu Gly Thr Trj). Phe Lys. Thr Phe Thr Pro Tyr Thr Asp Thr His Glu 

355' : . : , 360 . , 365. 

tie aaa cgc gac^etc gat ate gtg gat ggt tccctg aga atg tec egg 
Phe Lys Arg Asp, Leu Asp' He Val Asp Gly Ser Leu Arg Met Ser Arg 

370 375 380 

gal gac ate ate gcc gat gac cgt ctg gcc atg. ctg cgc teg gcc elg 
Asp Asp lie He Ala Asp Asp Arg Leu Ala Met Leu Arg Ser Ala Leu 

385 ^. . 390 , 395 

gac age itc ggg ttc aac etc tac tec ctg gat ctg cgc cag aal'tcc 
Asp Ser Phe Gly Phe Asn Leu Tyr Ser Leu Asp leu Arg Gin Asn Ser 
400 , 405 , 410 .,415 

gac ggt ttc gag gat gtc etc acc gaa Itg ttc gccaec gee cag acc 
Asp Gly Phe Glu Asp Val Leu Thr Giu Leu Phe Ala Thr Ala Gin Thr 

,420 - 425- ., : .' .430 

gag aag aac tac cgc ggg ttg acg gag gcg gag aag ctg gac ctg ctg- 
Glu Lys Asn Tyr Arg Gly Leu Thr Glu Ala Glu Lys Leu Asp Leu Leu 

435 440 .. 445. • , 

ate cgc gaa ctg age aea ccc cgc ccg etc ate ccg cac ggg gac ecg 
lie Arg Glu Leu Ser Thr Pro Arg Pro Leu lie Pro His Gly Asp Pro 
450 _ 455. .4gQ . , ■ 

gac tac tec gag gee acc aac eg! gaa ctg ggg alt itl- leg aag gcc 
Asp Tyr Ser Glu Ala.Thr Asn Arg Glu Leu Gly Me Phe Ser Lys Ala 

' "^^^ . • ■ 470 ,475 
gcg gag gcc gtg cgt aaa lie ggt cct etc atg gtg ccg cac Igc ate 
Ala Glu Ala Val. Arg Lys, Phe Gly Pro Leu Met Val Pro His Cys 1 1-e 
485 • . 490 . . .495 

ate Ice atg gee let tec gtc acg gac ate etc gaa ccg atg gigclg 
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He Ser Met Ala. 
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20 



25 



30 



35 



40 



50 



55 



etc aag 
Leu Lys 

age gtc 
Ser Val 

ggc gcg 

Gly Ala 

' 545 

tac ct t 

Tyr Leu 
560 

gac tec 

Asp Ser 

gac gcg 
Asp Ala 

etc cgt 
Leu Arg 

ccc tec 
Pro Ser 
'625 
gcg gig 
Ala Yal 
640 

aac ccg 
Asn Pro 

ctg gag 
Leii Glu 

gcg Gac 
Ala His, 

tea tea 
Ser Ser 
705 

_ t_cc __acc 
Ser Thr 



Ser Ser Val 
• : sn o 
gag ttc ggt ctg ale 
Glu Phe Gly Leu He 

515 
gac gtg 
Asp Val 
530 

ggc ate 
Gly He 



Thr Asp He 
505 



Leu Glu Pro Met 



Val Leu 
510 ' 



ate ccg ctg 
Me Pro Leu 



gag cag 
Glu Gin 

aac aag 
Asn Lys 

gag t ta 
Glu Leu 
595 
etc ttc 
Leu Phe 
610 

tat gat 
Tyr Asp 

egg gtg 
Arg Val 

gal aeg 
Asp Thr 



gca 
Ala 



teg 
Ser 
675 
cag ate 
Gin lie 
.690 
clg glc 
Leu Val 

ccc^ c Ig 
Pro Leu 



ctg gag gaa 
Leu Glu Glu 
550 

egg gac aac 
Arg Asp Asn 

565 
gac ggc ggg 
Asp Gly Gly- 
580 

cgc ctg glc 
Arg Leu Val 

cac ggt cgt 
His Gly Arg 

gcg ale ctg 
Ala He Leu 
630 

act gaa cag 
Thr Glu Gin 
645 

gca cgc cgc 
Ala Arg Arg 
660 

clg gat 



egg gcc aac 
Arg Ala Asn 

520 
ttc gag acg 
Phe Glu Thr 
535. 

ttg tgg gac 
Leu Trp Asp 

glc cag gag 
Vai Gin -Glu 

tac lie gcc 
Tyr. Phe Ala 
- - 585 
gaa cla tgc 
.Glu Leu Cys 

600 
ggl ggc acg 
Gly Gly Thr 
615 

gcc cag ccc 
Ala Gin Pro 



ggc gag ate 
Gly Glu He 



ggg aag 
Giy Lys 

ate gat 
11 e. Asp 

ate gac 
He Asp^ 
555 
gtc atg 
Val Mel 
570 

gcc aac 
Ala Asn 

egg ggc 
Arg Gly 

gig ggl 
VaK Gly 

aag ggc 
Lys Gly 
635 
ate tec 
He Ser 
550 . 



cll 

Leu Leu Asp 

atg ggg gag 
Mel Gly Glu 



cat gag gat 
His Glu Asp 
710 

cag gag ale 
Gin Glu lie 



aac cll gag 
Asn Leu Glu 
655 

gal gig gaa 
Asp Val Glu 

/ 580 
ale teg gag 
He Ser Glu 
695 

ccc gga 



ttc 



Pro Gly Phe 

ggajcc etc 
Gly Ser" Leu 



gcc ctg 
Ala Leu 

ctg ccc 
Leu Pro 

ttg age 
Leu Ser 

ate cag 
He Gin 
715 
aac ale 
Asn lie 



aac ccg 
Asn Pro 
.525 
gac etc 
Asp Leu 
540 

etc lac 
Leu. Tyr 

ctg ggg 
Leu Gly 

Igg gcg 
Trp Ala 

cgt aat 
Arg-Asn 
605 
cgt ggc 
Arg Gly 
620 

gcg glc 
Ala Val 

gcg aag 
Ala Lys 

gtg tec 
Val Ser 



acg ggc 
Thr Gly 

cag cgt 
Gin Arg 

cgc aat 
Arg Asn 

tat tec 
Tyr Ser 
575 
ct t tac 
Leu Tyr 
590 

glc aag 
Val Lys 

ggt ggc 
Gly Gly 

egg ggl 
Arg Gly 

tac ggl 
Tyr Gly 
655 
gcg acg 
Ala Thr 
670 



aat egg 
Asn Arg 
. 685, 
tic cgc 
Phe Arg 
700 

tac lie 
Tyr Phe 



gaa cgc 
Glu Arg 

agg tac 
Arg Tyr 

acc cag 
Thr- Gin 



ggl tec. cga ccc 
"Gly^ Ser ~Af g Pro"^ 
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720 725 730 . 735 

tec lea cgt aaa cag acc aac acg gig gag gal clg cgl gcc ate ccg 2316 

Ser Ser Arg Lys Gin Thr Asn Thr Val Glu Asp Leu Arg Ala He Pro . 

740 745 750 

tgg gig etc age tgg tec cag icc cgl glc atg clg ccg ggc igg lie 2364 
Trp Val Leu Ser Trp Ser Gin Ser Arg Val Met Leu Pro Gly Trp Phe . 

755 760 - 765 . , 

ggt gtg ggt acc gca ctg cgl gag tgg ale ggt gag ggg gag ggg g:ct 2412 
Gly Val Gly Thr Ala Leu Arg Glu Trp He Cly Glu Gly Glu Gly Ala 

770 775 780 . ' 

gcg gag cgc ale geg gag clg cag gaa etc aac egg tgc tgg ccg ttc 2460 
Ala Glu Arg He Ala Glu Leu Gin Glu Leu Asn Arg Cys Trp Pro Phe 

785 790 795 

tic acc teg gtg clg gac aac alg gcc cag gtg atg age aag gcg gaa 2508 
Phe Thr SeV ValLeu Asp Asn Met Ala Gin Val Met Ser Lys Ala Glu 
800 805 . 810 815 

cig cgc ctg gcc.agg ttg lac gcc gal etc ale ccg gat cgc gag gtg 2556 
Leu Arg Leu Ala Arg Leu Tyr- Ala Asp Leu lie Pro Asp Arg Glu Val , 

. 820 825 830 

gcg gac egg ale tat gag acc alette ggg gag tat lie clg acc aag 2504 
Ala Asp Arg He Tyr Glu Thr He Phe Gly Glu Tyr Phe Leu Thr Lys 

835 , 840 845. 

gag atg tic tgc acc ale acc ggl tec cag gac ctg clc gat gac aac 2652 
Glu Mel Phe Cys Thr He Thr Gly Ser Gin Asp Leu Leu Asp Asp Asn 

850 < 855 860 

ccg gcg ctg gcg cga leg gtg cgc agt egg ttc ccg tac ctg clg ccg 2700 
Pro Ala Leu Ala Arg Ser Val Arg Ser Arg Phe Pro Tyr Leu Leu Pro 

865 - 870 875 

etc aat glc ate cag gig gag atg alg cgc egg lac egg icc ggt gat 2748 
Leu Asn Va! lie Gin Val Glu Met Met Arg Arg Tyr Arg Ser Gly Asp 
880 - ^ 885 890 895 

gag ggc acg get glc eca cgt aat ale cgc^clg acc atg aat gga ttg 2796 
Glu Gly Thr Ala Val Pro Arg Asn He Arg Leu Thr Met Asn Gly Leu ' 

900 905 . 910 

lee acg gcc clg cgc aac teg ggt lagggcgcca gacgcccegg gaaeccgeac 2850 
Ser Thr Ala Leu Arg Asn Ser Gly 

915 

cc\g\giaia ctglctaaag ilgcccggig Icatccgggc gtgatggata gacaact taa 2910 
cggcaaagga tictccccac atggcaclga cgcltcaaat cgtcctcgtl ctegccagcg 2970 • 
tgelcatgac ggicttcgtc ctgclgcaca aggglaaggg.cggagglctg tcaagcctcl 3030 
Icgglggtgg cgtccagtcc aaccictccg gttccacggl gglggagaag aacciggacc 3090 
gcgtcaccat cctgaccgca gtcatclggt Igalctgcal tgtcgcgclc aaeclcalcc 3150 
aggcglac.tc clagcacc'tg atct t Icaag gcclgccct t cggggcaggc c 1 1 1 1 1 tgca 3210 
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Thr His Arg Ala Ala Glu Thr Val Leu Lys Tyr Tyr Val Lys Gin Leu 

275 280 285 

His Ala Leu Glu His Glu Leu Ser Leu Ser Asp Arg Met Asn Val lie 

290 295 300 

Ser Asp Glu Leu Arg Val Leu Ala Asp Ala Gly Gin Asn Asp Mel Pro 
305 310 315 320 

Ser Arg Val Asp Glu Pro Tyr Arg Arg Ala lie His Gly Met Arg Gly 

325 330 335 

Arg Met Leu Ala Thr Thr Ala Ala Leu lie Gly Glu Glu Ala Val Glu 
340 345 350 

15 Gly Thr Trp Phe Lys Thr Phe Thr Pro Tyr Thr Asp Thr His Glu Phe 

355 360 ' 365 

Lys Arg Asp Leu Asp lie Val Asp Gly Ser Leu Arg Met Ser Arg Asp 
370 375 380 

20 Asp He lie Ala Asp Asp Arg Leu Ala Met Leu Arg Ser Ala Leu Asp 

385 390 395 400 

Ser Phe Gly Phe Asn Leu Tyr Ser Leu' Asp Leu Arg Gin Asn Ser Asp 
405 ^ .410 ^ 415 

25 Gly Phe Glu Asp Val Leu Thr Clu Leu Phe Ala Thr Ala Gin Thr Glu 

420 425 430 

Lys Asn Tyr Arg Gly Leu Thr Glu Ala Glu Lys Leu Asp Leu Leu He 
435 440 445 

30 Arg Glu Leu Ser Thr Pro Arg Pro Leu lie Pro His Gly Asp Pro Asp 

450 455 460 

Tyr Ser Glu Ala Thr Asn Arg Glu Leu Gly He Phe Ser Lys Ala Ala 
465 * 470 475 480 

^5 Glu Ala Val Arg Lys Phe Gly Pro Leu Mel Val Pro His Cys He He 

485 490 495 

Ser Met Ala Ser Ser Val Thr Asp He Leu Glu Pro Mel Val Leu Leu 

500 505 ' / 510 ^ 

Lys Glu Phe Gly Leu He Arg Ala Asn Gly Lys Asn Pro Thr Gly Ser 

515 520 525 . ■ . . 

Val Asp Val He Pro Leu Phe Glu Thr He Asp Asp Leu Gin Arg Gly 

530 - 535 • .540 

Ala Gly lie Leu Glu Glu Leu Trp Asp He Asp Leu Tyr Arg Asn Tyr 
545 550 555 .560 

Leu Glu Gin Arg Asp Asn Val Gin Glu Val Mel Leu Gly Tyr Ser Asp 

565 570 . ' 575 

Ser Asn Lys Asp Gly Gly Tyr Phe Ala Ala Asn Trp Ala Leu Tyr Asp 

580 585 590 

Ala Glu Leu Arg Leu Val Glu Leu Cys Arg Gly Arg Asn Val Lys Leu 

595 . 600 605 

Arg Leu Phe His Gly Arg Gly Gly Thr Val Gly Arg Gly Gly Gly Pro 
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35 
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45 



610 615 .• 620.. 

Ser Tyr As? Ala Hp l.pir Ala Gin Pro Lvs Gly Ala Val Arg Gly Ma 
525 *" 630 635 640 

Val Arg Val Thr Glu Gin Gly Glu He He Ser Ala Lys Tyr Gly Asn 

645 650 . 655 

Pro Asp Thr Ala Arg Arg Asn Leu Glu Ala Leu Val Ser Ala Thr Leu 

660 ' 665 670 

Glu Ala Ser Leu Leu Asp Asp Val Glu Leu Pro Asn Arg Glu Arg Ala 

675 680 . 685 

His Gin He Met Gly Glu He. Ser Glu Leu Ser Phe Arg Arg Tyr Ser 

690. 695 700 

Ser Leu Val His Glu Asp Pro Gly Phe He Gin Tyr Phe Thr Gin Ser 
705 710 715 : 720 

Thr Pro Leu Gin Glu He Gly Ser Leu Asn He Gly Ser Arg Pro Ser 

725 730 735 

Ser Arg Lys Gin Thr Asn Thr Val Glu Asp Leu Arg Ala He Pro Trp 

740. 745 750 

Val Leu Ser Trp Ser Gin Ser Arg Val Mel Leu Pro Gly Trp Phe Gly 

• 755 . ,760 765 

Val Gly Thr Ala Leu Arg Giu Trp He Gly Glu Gly Glu Gly Ala Ala 

770 775 . .780 

Glu Arg He Ala GLu Leu Gin Glu Leu Asn Arg Cys Trp Pro Phe Phe 
785 . 790 795 800 

Thr Ser Val Leu Asp Asn Mel Ala Gin Val Mel Ser Lys Ala Glu Leu 

805 . • 810 815 

Arg Leu Ala Arg Leu Tyr Ala Asp Leu He Pro Asp Arg Glu Val Ala 

820 825 830 

Asp Arg He Tyr Glu Thr lie Phe Gly Glu Tyr Phe Leu Thr Lys Glu 

835 840 845 

Met Phe Cys Thr He Thr Gly Ser Gin Asp Leu Leu Asp Asp Asn Pro 

850 . • 855 . . 860 . : , ,. 

Ala Leu Ala Arg Ser Val Arg Ser Arg Phe Pro Tyr Leu Leu Pro Leu 
865 870 875. .880 

Asn Val Me Gin Val Glu Met Mel Arg Arg Tyr Arg Ser Gly Asp Glu 

, 885 890 .895 . 

Gly Thr Ala Val Pro Arg Asn lie Arg Leu Thr Met Asn Gly Leu Ser 

. 900 905 910 

Thr Ala Leu Arg Asn Ser Gly 



^° 915 

<210> 27 

<2H > -390-7 - 

<212> DNA 
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<213> Corynebacterium (hermoaminogenes 
<220> 

<221> CDS ^ 
<222> (685).. (3388) 

<400> 27 

attacttcag clgactcagc aacatlcgta ttagglalgc aaacaacait. iggltcgtta 60 
aatccaagta glatggtlaa agtaacttgg ggtattgclc aagcacttat cgcctltgta 120 
ttatlaltag clgglggcgg agatggaacl aaagclclca acgcaattca gaglgccgct 180' 
attattaglg cgtllccatt elect itgtc .glcatattaa Igalgatcag tttctacaaa 240 
galgclaata aagaacglaa atlcl tagga (taacaltaa cgcctaalaa acacagatta 300 
gaagaalacg tlaaatatca acaagaggat lacgaatctg alatttlaga aaaacglgaa 360 
tctagacgla atcglgaaag agaagaataa tlgaalgaaa talclaclat aatgglgggt 420 
ttaaagctal caacaattlt gttgatagcl atltttatgt ttcaaacata laaalattat 480 
ttactlgcga llgataacca ttctcaatla ataaaaataa cttatagUc aaatgcglta 540 
taataagtll tacltalact acc tgal taa aaatgcgaaa tgaaaaatga cccc 1 1 tala 600 
lacclataca gttgtgttcg aaaacalata alaalacaat t taactaagg calataaata 660 
(atagaaatt caagggggal atcaa atg gel tct aat ttt aaa gaa aca gcg 712 

Met Ala Ser Asn Phe Lys Giu Thr Ala 
1 5 

aag aaa caa ttt gat t ta aat ggc caa tea tac acg tac tal gal t ta 760 
Lys Lys Gin Phe Asp Leu Asn Gly Gin Ser Tyr Thr Tyr Tyr Asp Leu 

10 ^ 15 20 25 * 

aaa tea lla gaa.gaa caa ggl ita act aaa all lea aag lla eel lal 808 
Lys Ser Leu Glu Glu Gin Gly Leu Thr Lys He Ser Lys Leu Pro Tyr 

30 35 40 . . 

tea ate cgt gta t ta eta gaa tea gig i ta cgl cag gaa gal gat til 856 
Ser He Arg Val Leu Leu Glu Ser Val Leu Arg Gin Glu Asp Asp Phe 

45 50 ' 55 " ^ 

gta alt act gat gat cac att aaa caa tla gca gaa ill ggc aaa aaa 904 
Val He Thr Asp Asp His He Lys Gin Leu Ala Glu Phe Gly Lys Lys 

60 65 70" 

ggl aac gaa ggt gaa gta cet tic aaa eca let cga gtt all lla caa 952 
Gly Asn Glu Gly Glu Val Pro Phe Lys Pro Ser Arg Val He Leu Gin 

75 80 85 

gac Itc act ggl gta eca gca gta gll gac tla gcg icl lla cgt aaa 1000 
Asp Phe Thr Gly Val Pro Ala Val Val Asp Leu Ala Ser Leu Arg Lys" 
90 95 100 105 

gca atg aat gat gtl ggt ggg gat all aat aaa all aac cct gaa gia 1048 
Ala Met Asn Asp Val Gly Gly Asp He Asn Lys He Asn Pro Glu Val 

no 115 120 

eca gtt gac tla gtl att gac cac tct gta caa gta gal agl lal get 1096 
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Pro Val Asp Leu Val lie Asp His Ser Val Gin Val Asp Ser Tyr Ala 

■ : • ■t-i^-O*" '. ■ ' • 



aal cca gat gca lla caa cgt aac atgaaa tta gaa t ( t gaa cgt aac 1144 

Asn Pro Asp Ala Leu Gin Arg Asn Met Lys Leu Glu Phe Glii Arg Asn 

140 145 150 

tat gaa cgt tac caa ttc tta aac tgg gca aca aaa.gca ttt gat aac 1192 

Tyr Glu Arg Tyr Gin Phe Leu Asn Trp Ala Thr Lys Ala Phe Asp Asn 

-155 160 

tat aat gca gta cca cct get aca ggt att gtc cac caa gta aac tta 1240 

Tyr Asn Ala Val Pro Pro Ala Thr Gly 1 le Val His Gin Val Asn Leu 

170 175 180 185 

gaa tac t ta gcg aat gt f gta. cat gt t cgt gac gtt gacgga gaa caa : 1288 

Glu Tyr leu- Ala Asn Val Val His Val Arg Asp Val Asp Gly Glu Gin 

190 195 200 

act get ttc cca gat aca tta gtt ggt act gac tea cat act aca atg 1336 

Thr Ala Phe Pro. Asp Thr Leu Val Gly Thr Asp Ser His Thr Thr Met 

205 - '210 215 

att aac ggt att ggt gta tta ggt tgg ggt gtc ggc ggt ate gaa get 1384 

25 lie Asn Gly lie Gly Val Leu Gly Trp Gly Val Gly Gly lie Glu Ala. 
220 225 230 

gaa gca ggt atg. tta gga caa cca tea lac ttc cca ati cca gaa gtt 1432 

Glu Ala Gly Met Leu Gly Gin Pro Ser Tyr Phe Pro lie Pro Glu Val 
30 2 3 5 2 4 0 2 4 5 

att ggt gttaaa tta agl aat gaa tta cca caa ggt tea aca gca act 1480 

lie Gly Val Lys Leu Ser Asn Glu Leu Pro Gin Gly Ser Thr Ala Thr 

250 • 255 260 265 

35 gac tta gca tta cgt gta act gaa gag tta cgt aaa cgt ggt gta gta 1528 

Asp Leu Ala Leu Arg Val Thr Glu Glu Leu Arg Lys Arg Gly Val Val 

270 275 280 

ggt aaa ttc gtt gag ttc ttt ggt ccl ggt gta aca aac tta cca -tta 1576 

Gly Lys Phe Val Glu Phe Phe Gly Pro Gly Val Thr Asn Leu Pro Leu 

.; 285 290 . ' .295 

get gac cgt g:ea aca att gcg aac atg gcg cct gaa tat ggt gca act 1624 

Ala Asp Arg Ala Thr lie Ala Asn Met Ala Pro Glu Tyr Gly Ala Thr 
■'^ 300 305 310 

tgt ggt ttc ttc cca gtt gat gaa gaa tea ctt aaa tac atg aaa tta 1672 

Cys Gly Phe Phe Pro Val Asp Glu Glu Ser Leu Lys Tyr Mel Lys Leu 

315 320 • ■•■ 325 -. • ' 

^ act ggt cgt aaa gal gat cat att gca eta gta aaa gaa lat tta caa 1720 

Thr Gly Arg Lys Asp Asp His lie Ala Leu Val Lys Glu Tyr leu Gin 

330 335 ' . 340 ■ ■■ 345 ■ 

- -caa-aa t-^aa t -a tg -ttc- -t tc-e aa -gt t- gaa- aat gaa -ga l - cc I- gaa -tat ac t - - 1 768- 

Gin Asn Asn Mel Phe Phe Gin Val Glu Asn Glu Asp Pro Glu Tyr Thr. 
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15 



25 



350 ' 355 \ 360 

gaa gig all gal I la gal Ha Id aca gll caa gel Id (la lea ggl 1816 

Glu Vai He Asp Leu Asp Leu Ser Thr Val Gin Ala Ser Leu Ser Gly ■ 

365 370 375 

oca aaa cgl oca caa gal lia ate tic I la agt gac alg aaa acl gaa 1864 

Pro Lys Arg Pro Gin Asp Leu lie Phe Leu Ser Asp Mel Lys Thr Glu 

380 385 390 

tic gaa aaa lea gtt aca gca eca get ggl aac caa ggl cac ggl tta 1912 

Phe Glu Lys Ser Val Thr Ala Pro Ala Gly Asn Gin Gly His Gly Leu 

395 400 405 

gal gaa agl gaa lit gal aag aaa.'gca gaa ale aaa tit aat gat ggt I960 

Asp Glu Ser Glu Phe Asp Lys Lys Ala Glu He Lys Phe Asn Asp Gly 

410 415 420 425 

aga acl lea act atg aag acl ggl gal gtt gcgatt gca gcg all aca 2008 

Arg Thr Ser Thr Mel Lys Thr Gly Asp Val Ala He Ala Ala He Thr. 

430 435 .440 

lea tgt aca aat aca tot aac cel. lac gtt atg tla ggl gca ggt tla 2056 

Ser Cys Thr Asn. Thr Ser Asn Pro Tyr Val Met Leu Gly Ala Giy Leu, . 

445 ; • 450 455 ^ 

gta gel aaa aaa gca all gaa aaa ggc tta aaa gla cct gal lal gta 2104 

Val Ala Lys Lys Ala He Glu Lys Gly Leu Lys Val Pro Asp Jyr Val 

460 465 470 ■ 

30 . aaa act tea tta gca cca ggl lea aaa gtl gll acl gga lal Ha aga 2152 

Lys Thr Ser Leu Ala Pro Gly • Ser Lys Val . Val Thr Gly Tyr Leu. Arg - 

475 480 485 

gat lea ggl tla caa gaa lal ell gat gac lla ggl lie aac Ha gll 2200 

35 Asp Ser Gly Leu Gin Glu Tyr Leu Asp Asp Leu Gly Phe Asn Leu Val 

490 495 500 505 

ggl lal ggl tgt aca acl Igl ale ggt aac lea ggl cca lla Ha eel 2248 

Gly Tyr Gly Cys Thr Thr Cys He Gly Asn Ser Gly Pro Leu Leu. Pro- , . 

. , • 510 ■ . - . 515 ■ 520 . ' 

gaa att gaa aaa gca gta get gac gaa gal Ha tta gta acl let gla 2296 

Glu He Glu. Lys Ala , Val Ala Asp Glu Asp Leu Leu Val Thr Ser Val 

525 530 : . .535 

"^^ ctl let ggl aac egt aac IH gaa ggt cgl ale cat ccg lla gll aaa 2344 

Leu Ser Gly Asn Arg Asn Phe Glu Gly Arg He His Pro Leu Val Lys . 

540 - . 545 .550 ■ 

gel aac lac Ha gel lea cca caa Ha gll gta gel lal gca lla get 2392 

Ala Asn Tyr Leu Ala Ser Pro Gin Leu Val Val Ala Tyr Ala Leu Ala 

555 560 565 : 

gga acg gll gal ate gat lla cac aat gaa ccl ate ggl aaa ggl aaa 2440 

Gly Thr Val Asp He Asp Leu His Asn Glu Pro He Gly Lys Gly Lys . ^ 

570 . 575 • 580 585 
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gat ggc gaa gat gta tac ctl aaa gat ate igg cca agt.atc aaa gaa 2488 

Asp Glv Glu A s p Val Tvr Leu Lys Asp He Trp Pro Ser He Lys Glu 

'. 590 ... ' . , ■ ', 595 :• .. 600 , / 

• gtt gc'a gac act gtt gat agt gtc gta acg cca gaa ita ttc .lta gaa, 2536 

Val. Ala Asp Thr Val Asp Ser Val Val Thr Pro Glu Leu Phe Leu Glu 

605 . . 610 615 . 

gaa tat gca aat gta. tac gaa aat aat gaa atg tgg aat gaa ate gac 2584 

Glu Tyr Ala Asn Val Tyr Glu Asn Asn Glu Met Trp Asa Glu He Asp 

620 625 . 630 

,gtt act gac gca cca tta tat gat itc gat cca aat tea act tal att 2632 

Val Thr Asp Ala Pro Leu Tyr Asp Phe Asp Pro .Asn Ser Thr Tyr He ; 

635 640 ; - • 645 

caa aat cca tea Itc ttc caa ggt tta let aaa gaa cca gga act att 2680 

Gin Asn Pro Ser Phe Phe Gin Gly Leu Ser Lys Glu Pro Gly Thr He 

650 655 660 665 

gaa cca tta aaa gat tta cgt att atg ggl aaa ttl ggt gat ica gtt 2728 

Glu Pro Leu Lys Asp Leu Arg He Met Gly Lys Phe Gly Asp Ser Val 

, ' 670 ■ 675 ; . . ■■ , 680 >. 

aca act gac cac alt let cca gca ggt gcg ate ggt aaa gat aca cca 2776 

Thr Thr Asp His LI e Ser. PrcAl a Gly Ala He Gly Lys Asp Thr Pro . - 

685 : 690 695 

gca. ggt aaa tat, tta tta gac.cat gat gtt cca att agar gaa ttt aac 2824 

Ala Gly Lys Tyr Leu Leu: Asp Hi s Asp. Vil, Pro 1 1 e Arg Gl.u- Phe Asn, 

700, • .- . 705 ■ 710 

tct tat ggt tea aga cgt ggt aac cat gaa gta atg gta cgl ggt . act. 2872 

Ser Tyr. Gly Ser Arg Arg Gly Asn His Glu Val Me.^t Val Arg Gly Thr . ■ 

715 720 " 725 . 

ttc, gel aat ale cgt all aaa aac caa tta gca cca ggc act gaa ggl 2920 

Phe Ala Asn He ArgMeLys Asn Gin Leu Ala Pro Gly Thr Glu Gly 

730 . 735 740 745 

gga ttl aca aca tat tgg ccl aca gaa gaa ate atg ccl ate tat gat 2968 

Gly Phe Thr Thr Tyr Trp Pro Thr Glu GliJ He Met Pro He Tyr Asp 

750 755 760 

gca get atg aga tac aaa gaa aat ggt act ggl tta gel gtt tta gel 3016 

Ala AlaMet Arg Tyr Lys Glu Asn Gly Thr Gly Leu Ala Val Leu Ala 

765 770 , 775 

ggt aal gat tac ggl at.g ggl tea tci cgl gac tgg gca gel aaa ggl 3064 

Gly Asn Asp Tyr Gly Met Gly Ser Ser Arg Asp Trp Ala Ala Lys Gly 

780 ■ 785 ■ 790 

act aac tta tta ggt gtt aaa act git atl gca caa agl tat gaa" cgl 3112 

Thr Asn Leu Leu Gly Val Lys Thr Val lie Ala Gin Ser Tyr Glu Arg 

- .-.7-95 ™- _-:.800^- . -. 8.0.5; .... 

ate cat cgt tea aac tta gta atg atg ggt gia I la cca tta caa ttt 3160 
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.30 



35 



40 



lie His Arg Ser Asn Leu Val Met Met Gly Val 
810 815 820 

aaa caa ggl gag tea gel gat tct eta ggl t(a 
Lys Gin Gly Glu Ser Ala Asp Ser Leu Gly Leu 

830 835 
alt let gta gat ate gat gaa aat git aaa cca 
lie Ser Val Asp He Asp Glu Asn Val Lys Pro 

845 850 
gll cat get aaa aaa gaa aac gga gaa gtt git 
Val His Ala Lys Lys Glu Asn Gly Glu Val Val 

860 . 865 
gll cgt lie gat tea tla gta gaa ita gat tat 
Val Arg Phe Asp Ser Leu Val Glu Leu Asp Tyr 

875 880 
ate tla caa atg gta Ita aga aac aaa tla get 
lie Leu Gin Met Val Leu Arg Asn Lys Leu Ala 
890 895 900 

gtgaettttg acagtgctaa cgtllagglt agcaetgltt ttttatgcta 
gtaalgttaa tagltaagga aggallggae tlaaatgatt tatagtttga 
accaagalat caagagacag alaaaatggg cgtgat t tat catggcaatt 
gtttgaagla gcgcgtacag attacattag aaaaclagga tttagttatg 
aaageaaggg atcatttcte eagtlacaga ctlaaatatc aaatataaaa 
ttatcctgaa aaagtaacca ttaaaaeatg ggtggaaaaa taltcaagat 
gtatagatal gaaatlttta algaacaggg agaactlgea actacaggtt 
aalltgtalg aaagclgala cctttagacc aattagatla galcgttatt 
gcatgaaacc tatagtaaag tlgaagctt 

<210> 28 . 
<2n> 901 .- - 

<212> PRT . 

<213>- Coryiiebacteriuji thermoaminogeDes 



Leu Pro Leu ■Gin Phe 
825 

gaa ggl aaa gaa gaa 
Glu Gly Lys Glu Glu 
840 

cal gat tla gta act 
His Asp Leu Val Thr 
855 

gat lit gaa gca atg 
Asp Phe Glu Ala Met 
870 

tat cgt cat ggt ggl 
Tyr Arg His Gly Gly 
885 

caa taatcacaat 
Gin 



aactalatal 
ctgaaat tga 
atgcaacalg 
ctgatatgga 
aatcaatitt 
tacgllctgl 
ataetgagtl 
ictcagai tg 



3208 



3256 



3304 



3352 



3398 



3458 

3518 

3578 

3638 

3698 

3758 

3818 

3878' 

3907- 
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<400> 28 . ■ ' 

Met Ala Ser Asn Phe Lys Glu Thr Ala Lys Lys Gin Phe Asp Leu Asn 

' . 5 ■ : 10 . .- . 15. . 

Gly Gin Ser Tyr Thr Tyr Tyr Asp Leu Lys Ser Leu Glu Glu Gin Gly 

20 . 25 30 . 

Leu Thr Lys He Ser Lys Leu Pro Tyr Ser. lie Arg Val Leu Leu. Glu 

35 40 45 

Ser Val Leu Arg Gin Glu Asp Asp, Phe Val lie Thr Asp Asp His He 
50 .; . 55 . : . . 60 . , ^ 

Lys Gin Leu Ala Glu Phe Gly Lys Lys Gly Asn Glu Gly Glu Val Pro 
■ . . - n . , 75 . . . : -80 
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Phe Lys Pro Ser 



Arg Val lie Leu Gin Asp Phe Thr Gly 
85 ,90 



Val Pro Ala 

95 • 



w 



15 



20 



25 



30 



35 



■40 



45 



SO 



Val Val Asp Leu 
. 100 
Asp 1 ie Asn Lys 
115 

His Ser Val Gin 
130 

Asn Met Lys Leu 
145 

Asn Trp Ala Thr 



Thr Gly 

His Val 

Val Gly 
210 
Gly Trp 
225.. 
Pro Ser 

Glu' Leu 

Glu Glu 

Gly Pro 
290, 
Asn Me t 
305 . 
Glu Glu 



He Val 
180 
Arg Asp 
195 

Thr Asp 

Gly Val 

Tyr Phe 

Pro Gin 
260 
Leu Arg 
275 

Gly Val 
Ala Pro 
Ser Leu 



55 



lie Ala Leu Val 
340 

Val Glu Asn Glu 
355 

Ser Thr Val Gin 
370 

He Phe Leu Ser 
385 

Pro Ala Gly Asn 
Lys Ala Glu Tie 



Ala Ser Leu 

He Asn Pro 

Val Asp Ser 
135 

Glu Phe Glu 
150 

Lys Ala Phe 
165 

His Gin Val 

Val Asp Gly 

Ser His Thr 
215 

Gly Gly He 
230 
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210 ■ 215 , 220 • 

Leu Leu Asp Gin Val Lys Arg Ala Lys Giu Glu Gly He Leu Phe Ser 
225 ... 230 . 235 240 

Ala His Mel Lys Ala Thr Met Mel Lys Val Ser Asp Pro He He Phe 
245 250 255 . 

Gly His He Val Arg Ala Tyr Phe Ala Asp Val Tyr Ala Gin Tyr Gly 

260 265 : 270 

Glu Gin Leo Leu Ala Ala Gly Leu Asn Gly Glu Asn Gly Leu Ala Ala 

275 280 285 

He Tyr Ala Gly Leu Asp Lys Leu Asp Asn Gly Ala Glu He Lys Ala 

290 295 300 

Ala Phe Asp Lys Gly Leu Glu Glu Gly Pro Asp Leu Ala Met Val Asn 
305 310 315 320 

Ser Ala Lys Gly He Thr Asn Leu His Va! Pro Ser Asp Val He He 

325 330 335 

Asp Ala Ser Met Pro Ala Mel He Arg Thr Ser Gly Lys Met Trp Asn 

340 . 345 350 

Lys Asp Asp Gin Thr Gin Asp Ala Leu Ala Val He Pro Asp Ser Ser 

355 360 365 

Tyr Ala Gly Val Tyr Gin Thr Val He Glu Asp Cys Arg Lys Asn, Gly 

370 375 380 

Ala Phe Asp Pro Thr Thr Met Gly Thr Val Pro Asn Val Gly Leu Mel- 
385 390 395 . 400 

Ala Gin Lys Ala Glu Glu Tyr Gly Ser His Asp Lys Thr Phe Arg He 

,405 ; 410 415 

Glu Ala Asp Gly Lys Val Gin Val Val Ala Ser Asn Gly Asp Val Leu 

420 425 430 

He Glu His Asp Val Glu Lys Gly Asp He Trp Arg Ala Cys Gin Thr 

435, 440 445 

Lys Asp Ala Pro lie Gin Asp Trp Val Lys Leu Ala Val Asn Arg Ala 

450 - 455 , 460. 

Arg Leu Ser Gly Met Pro Ala Val Phe Trp Leu Asp Pro Ala Arg Ala 
465 470 ... 475 480 

His Asp Arg Asn Leu Thr Thr Leu Val Glu Lys Tyr Leu Ala Asp His 

485. . 490 . . 495 

Asp Thr Glu Gly Leu Asp He Gin lie Leu Ser Pro Val Glu Ala Thr 
500 505 , • , 510 • ; 

Gin His Ala He Asp Arg He Arg Arg Gly Glu Asp Thr He Ser Val 

515 , , . 520. 525 

Thr Gly Asn Val Leu Arg Asp Tyr Asn Thr Asp Leu Phe Pro He Leu 
530 . -535 . . ■, 540 . : ■ . 

Glu Leu Gly Thr Ser Ala Lys Mel Leu Ser Val Val Pro Leu Met Ala 
545 ... 550 : . ' 555 , 560 
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<210> 31 
<211> 2322 . ^ 
<212> DNA 

35 <213> Corynebacterium thermoaminogenes/ 

<220> ^ . 

<221> CDS . ^ 

40 <222> (806).. (2212) , ' : 

<400> ^31 ^ 

gglaccccca cglaccc t ag gccatcacag caat 1 1 1 lac a tcggal at t Uagglgtgc 50 
^5 icalaacglc ctlatgaatt tcgcagl lal lagl lat t ta aatagagaat caaaclccga 120 

cctagcclcl gccgatgcta aaagtcagct gaccccltgg ggcgcltcal itgaaactgc 180 
gaccaagctc algaatgcgc gaaagcatll cca t I alaag ggtaagc tgt aagaalaglg 240 
gga'gaaaatg t (cagtcglg Itclaactca c t tgagaaat tccal t U tc Igggct (etc 300/ 
tcaaalagat laagtggccc glaigclgga i nctagaal at I tagaagc gcgccaactc 360 
atgaitatgl allgtataag cclcaaagac cgaalagalt actaacatlt aagtggacca 420 
gagcgllaga age 1 1 tglag- aglgclcat I cctlgctgac ggcaagggtl icclaccatg 480 
„ . „ „^ -a ga^t a g a I c g.. g c a g at ag t J . gg.Ll 1 g la a a a at I IJla al ga c ggtjc c gc a a .1 glc a a j r 5 4_0_ 
ctlgaacaga tcalcllclt catcaacacc aid igggt I : algglctgca cgc Iggt tc t 600 
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tccgcttcca gcaacctttc tcacacgatc ggcciglict aggcctaatt gglaataagg 660 
clgtglaaca gtcgcccgcg tgattgtgtc llttlaggcg cccgcgcggg cgaltitcgg 720 
5 ttttcalc.lt tttlaaaltg agtttggaag atcaagtgcc cccggalgca cgacaatgcl 780 

atgccgaaca cgtattgttg aaalc gig act gaa cat tat gac gta gta gta 832 

Val Thr Glu His Tyr Asp Val Val Val 
1 5 

10 etc gga get ggc ccc ggt ggc tat gtc Icc.gcc ale cgc gcc gcg cag 880 

Leu Gly Ala Gly Pro Gly Gly Tyr Val Ser Ala lie Arg Aia Ala Gin 
10 15 \ 20 ' 25 ^ 

etc ggl aag aaa gtt gcg gtt ate gag aag cag tac tgg gga ggt gtc 928 
15 Leu Cly Lys Lys Val Ala Val He Glu Lys Gin Tyr Trp Gly Gly Val 

30 35 40 

tgc ctg aat gtg ggt tgt ate cca let aag gcg t ig ate aag aac get 976 
Cys Leu Asn Val Gly Cys lie Pro Ser Lys Ala Leu He Lys Asn Ala 
20 45 ' 50 ^ 55 

gag ate gcc cac ate Itc aac cat gag aag aag acc Itc ggc ate aac 1024 
Clu lie Ala His He Phe Asn His Glu Lys Lys Thr Phe Gly lie Asn 
60 • 65 70 

25 ggc gag gtc acc: lie aac tac gag gat gcc cac aag egl tec cgt ggt 1072 

Gly Glu Yal Thr Phe Asn Tyr Glu Asp Ala His Lys Arg Ser Arg Gly 

75 -80 85 

glc tec gac aag ate gtc gge ggt gtt cac tac ttg atg aag aag aac il20 
30 Val Ser Asp Lys He Val Gly Gly Val. His Tyr Leu Met Lys Lys Asn 

90 95 100 105 

aag ate acc gag ate gac ggt ttc ggc acc tic aag gat gcc aag acc 1168 
Lys lie Thr Glu He Asp Gly Phe Gly Thr Phe Lys Asp Ala Lys Thr 
35 110 H5 120 

ate gag gtg acc gat ggt aag gat gcc ggc aag acc gtc acc tic gal : 1216 
lie Glu Val Thr Asp Gly Lys Asp Ala. Gly Lys Thr Val Thr Phe Asp 
125 130 135 

-^^ gac tgc ate ate gcc acc ggt tee gig gtc aac tec etc cgt ggt gtt 1264 

Asp Cys He He Ala Thr Gly Ser Val Val Asn Ser Leu Arg Gly Val 

140 145 150 

gag tic ice gag aac gtg gtc -lee tac gag gag cag ate etc aac ccg 1312 
Glu Phe Ser Glu Asn Val Val Ser Tyr Glu Glu Gin He Leu Asn Pro • 

155. ■ . 160 : ... . : . 165 

gig gcg eel aag aag atg glc ate gtc' ggl ggc ggc gcc ate ggt atg 1360 
Val Ala Pro Lys Lys Met Val I le Val Gly Gly Gly Ala I le Gly Met 
170 ,175 -180 ■ 185 

gaa He gcc tac gtt ctg ggc aac tac ggt gtg gac gta acc etc ate 1408 
Glu Phe Ala Tyr Val Leu Gly Asn Tyr Gly Val Asp Val Thr Leu lie 

, ,190 ; ' . 195 - . 200 . 

gag He atg gac cgc gt I ctg ccg aac gag gat cca gag gtg tec aag 1456 
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, ■■ . . ^ - 

Glu Phe Met Asp Arg Val Leu Pro Asn Glu Asp Pro Glu Yal Ser Lys 
. , . 205 : , 21 0 ■ . giR . 

^ gtt ate gcc aag gcc tac aag aag atg ggc ate aag etc etc cog ggc 1504 

Val He Ala Lys Ala Tyr Lys Lys Met Gjy He Lys Leu Leu Pro Gly 

226 . 225 23.0 

cac gca acc acc gcg gig cgc- gac. aat ggc gal Icc gt t gag gtc gal 1552 
His Ala Thr Thr Ala Val Arg Asp Asn Gly Asp, Ser 'Val Glu Val Asp . 
• 235 V 240 245 '. 

tac cag aag aag ggc teg gac aag acc gag acc ate acc gtc gac cgl 1600 
Tyr Gin Lys Lys Gly Ser Asp Lys Thr Glu Thr He Thr Val Asp Arg 
,5 250 255 . 260 265 

gtt ctt ate lee gtc ggc tie cgc cca cgc gtc gag ggc ttc ggc ctg 16,48 
Val Leu He Ser Val Gly Phe Arg Pro/Arg Val Glu Gly Phe Gly Leu 
270 . ' 275 • 280 

20 , gag aac acc ggc gtc aag etc acc gaa cgc ggt gcc ate gac atl ga( 1696. 
Glu Asn Thr Gly Val Lys Leu Thr Glu Arg Gly Ala He -Asp He Asp 

285 290 295 • 

gag cat atg cgc ace aac gtc gac ggc ate tac gcc ate ggt gac gtc 1744 
25 Glu His Met Arg'Thr Asn Val Asp Gly Ile Tyr Ala He Gly Asp Val 

300 305 310 

acc gcc aag ctg cag ctg gca cac gie gcc gag gca cag ggc at t gtc 1792 
Thr Ala Lys Leu Gin Leu Ala His Val Ala Glu Ala Gin Gly He Val 
30 3 1 5 3 2 0 3 2 5 

gcc gcc gag aca etc gcc ggc gCa gaa acc cag ace ctg ggc gac tac 1840 
Ala Ala Glu Thr Leu Ala Gly Ala Glu Thr GlnThr Leu Gly Asp Tyr 
330 335 • 340 345 

35 atg atg atg ccg cgt gee acc ttc tge. aac cca cag gtt gcc tec ttc 1888 

Met Met Met Pro Arg Ala Thr Phe Cys Asn Pro Gin Val Ala Ser Phe . 

350 . 355 360 

ggt tac ace gag gag eag gee aag gag aag tgg ccg gat ega gag ate 1936 
40 Gly Tyr Thr Glu Glu CIn Ala Lys Glu Lys Trp Pro Asp Arg Glu He 

365 370 375 

aag gtg tec tee ttc ccg tic tec gcg aac ggc aag gee gtc ggc ctg 1984 
Lys Val Ser Ser Phe Pro Phe Ser Ala Asn Gly Lys Ala Val Gly Leu : 
^5 380 . ' 385 - 390 

get gag acc gal ggt ttc gcc aag ate gtc gcc gac get gag ttc ggt 2032 
Ala Glu Thr Asp Gly Phe Ala Lys lie Val Ala Asp Ala Glu Phe Gly 

395 400 405 

gaa ctg ctg ggt ggc cac an gtc ggt gcc aac gee tec gag ctg etc 2080 
Glu Leu Leu Gly Gly His He Val Gly Ala Asn Ala Ser Glu Leu Leu 
410 415 420 . 425 

aac gag_clg. glgj^Jg.gcc cag^aac.Jgg.gat c tc_ acc acc^ gag gag. atc^ .2128 

Asn Glu.Leu Val' Leu Ala Gin Asn Trp Asp Leu Thr Thr Glu Glu He • 
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430 . 435 ■ 440 

age cgc age gic cac ate cac ccg ace clg teg gag get glc aag gaa 2176 
Ser Arg Ser Val His lie His Pro Thr Leu Ser Glu Ala Val Lys Glu 

445 450 . 455 

gel gee cac ggc gtc aac ggc cac alg ale aac ttc taaatcccgt 2222 
Ala Ala His Gly Val Asn Gly His Met lie Asn Phe 

.460 465 
cagacaaatg caaatcccct caccgatggc atatcggtga ggggaltttc icatgcacgt 2282 
aaaatcalaa tccatggcaa ggaaagtcga caacagcgcc . 2322 

<210> 32 

<211> 469 . . 

<212> PRT 

<213> Corynebaclerium thermoaniinogenes 
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210 215 220 

-L.y-s_Me:!^G l-y_I J.e^Lys-L eu-.Le.u_P.r.o_GJ j_H j.s_Al^ 
225 230 : 235 . - 240 

Asp Asn Gly Asp Ser Val Glu Val Asp Tyr Gin Lys Lys Gly Ser Asp 

. 245 : 250 ' 255 ■ 

Lys Thr Glu Thr He Thr Val Asp Arg Val Leu lie Ser Val Gly Phe 

260 265 270 

Arg Pro Arg Val Glu Gly Plie Gly leu Glu Asn Thr Gly Val Lys Leu 

275 ' 280 - 285 

thr Glu Arg Gly;Ala lie Asp Me Asp Glu His Met Arg Thr Asn Val 

290 295 300 

Asp Gly He Tyr^AIa-Ile Gly Asp. Val Thr Ala Lys Leu Gin. Leu Ala 
305 310 315 320 

His Val Ala Glu Ala Gin Gly He Val Ala Ala Glu Thr Leu Ala Gly 

: 325 330 335 

Ala Glu Thr Gin Thr Leu Gly Asp Tyr Mel Met Met Pro Arg Ala Thr 

340 \ 345 350 

Phe Cys Asn Pro'Gln Val Ala Ser Phe Gly Tyr Thr Glu Glu Gin Ala 

355 ■ 360 ' . 365 ■ 

Lys Glu Lys Trp Fro Asp Arg Glu I le Lys Val Ser Ser Phe Pro Phe 

370 375 380 

Ser Ala Asn Gly Lys Ala Val Gly Leu Ala Glu Thr Asp, Gly Phe Ala 
385 390 395 ' ■ . 400 

Lys lie Val Ala Asp Ala Glii Phe Gly Glu Leu Leu Gly Gly His lie 

405 410 -415 

Val Gly Ala Asn Ala Ser Glu Leu Leu Asn Glu Leu Val Leu Ala Gin 

420 425 430 

Asn Trp Asp Leu Thr Thr Glu, Glu lie Ser Arg Ser Val His lie His 
435 ^ 440 445 . , 

Pro Thr Leu Ser Glu Ala Val Lys Glu Ala Ala His Gly Val Asn Gly. 

450 '455 '460 

His Met lie Asn Phe 

465 ' ' . , ' . ■ ' \ . 

<210> 33 
<21 1> 4096 

<212> DNA ■ ■ 

<213> Corynebacterium thermoaminogenes 

<220> 

<22i>cps_; ^ , _ / ^ _ 

<'222> (250)/..<395iy . "\ - -- --- --^ 
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<400> 33 

ccggatcatc gtggt tgacg ggggacglat calcgaggat ggt tcccacg atgaac t tc i 60 
gggagcgaat ggaacctacg caacaatgtg gcatttagla gggtgacagg atallltagg 120 
aaagacttgt taccaaaagg tgctaatact ggggtgctag gtccccgcga ccggaaccag 180 
cgttacagtg gataaaataa agcccatlta gaaccctcaa caagcaagga aaagaggcga 240 
gtacctgcc gtg.agc age get agt act ttc ggc c.ag aac gcg tgg clg gtg 291 
Val Ser Ser Ala Ser Thr Phe Gly Gin Asn Ala Trp Leu Val 
I - 5 iO 

gat gag atg tic cag cag Itc aag aag gac ccc cag tec gtg gac aag 339 
Asp GIu Met Phe Gin Gin Phe Lys Lys Asp Pro Gin Ser Val Asp Lys 

15 20 25 30 . 

gaa tgg aga gag etc ttc gag tct cag ggg ggt ccc cag get gaa aag 387 
GIu Trp Arg GIu Leu Phe Glu Ser Gin Gly Gly Pro Gin Ala GIu Lys 

35 40 45 

get acc cee gee acc ccc gaa gee aag aag gca gel teg teg cag tec j 435 
Ala Thr Pro Ala Thr Pro Glu Ala Lys Lys Ala Ala Ser Ser Gin Ser 

50 55 . 60 

tea act tec gga cag tec acc gee aag get gee cet gee gee aag acc 483 
Ser Thr Ser Gly Gin Ser Thr Ala Lys Ala Ala Pro Ala Ala Lys Thr 

65 70; 75 

gca ccg gee tct gcg eca gcc aag get gee cct gt t aag caa aac cag 531 
Ala Pro Ala Ser Ala Pro Ala Lys Ala Ala Pro Val Lys Gin Asn Gin. 

80 85 90 

gcg tec aag cct gcc aag aag. gcc aag gag tec ccc clg tec aag.cca 579 
Ala Ser Lys Pro Ala Lys Lys Ala Lys Glu Ser Pro Leu Ser Lys Pro 

95 100 105 - . no 

get gcc atg cct gag ccg gga acc acc cea etc agg ggc ate tic aag 627 

Ala Ala Met Pro Glu Pro Gly Thr Thr Pro Leu Arg Gly He Phe Lys 

115 120 125 

tec ate gcc aag. aac atg gac etc tec etc gag gtg ccc acc gee acc 675 

Ser lie Ala Lys Asn Met Asp Leu Ser Leu Glu Val Pro Thr Ala Thr 

130 .135 140 

tec gtc cgc gac atg ccc gcg cgc etc atg ttc gag aac cgc gcc atg 723 

Ser Val Arg Asp Met Pro Ala Arg Leu Met Phe Glu Asn Arg Ala Met 

145 150 155 

gtc aac gac cag etc aag cgc acc cgt ggc ggc aag ate tec lie ace -771 

Val Asn Asp Gin Leu Lys Arg Thr Arg Gly Gly Lys lie Ser Phe Thr 

160 165 170 

cac ate ate ggc tac gcc atg gtg aag gel" gtc atg gca cac ccg gac 819 

His He He Gly Tyr Ala Met Val Lys Ala Val Met Ala His Pro Asp 
175 180 185 190 

atg aac aac tec tat gac ate gtc gac ggc aag ccg tec ct'g gtc gtc 867 

Met Asn Asn Ser Tyr Asp He Val Asp Gly Lys Pro Ser Leu Val Val 
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10 



45 



50 



55 



.. 195 200 , 205 

^ nntr cr?»rr nor- ain o fin nir oac f* t CT OCr at^ C \ C f* C C T a (T a a Cr ga > Q I R ■ 

Pro Glu His He Asn Leu Gly Leu Ala He Asp Leu Pro Gin Lys Asp 

210' . : 215 . 220 . . 

ggc tec cgt gcc etc gig gtc gcc gcc ate aag gaa ace gag aag atg 963 
Gly Ser Arg Ala Leu VaJ Val Ala Ala He Lys Glu T.hr Glu Lys Met 

. 225 : 230 ; 235 

acc tic tec cag ttc ctg gag gcc tat gag gac gtt gtg gca cgc tec 1011 
Thr Phe Ser Gin Phe Leu Glu Ala Tyr Glu Asp Val Val Ala Arg Ser 
240 245 250 

15 cgc gtc ggc aag etc acc atg gat gac tac cag ggt gtc acc ate tec . 1059 

■, Arg Val Gly Lys Leu Thr Met Asp Asp Tyr Gin Gly Val Thr lie Ser 
255 260 265 270 

ttg acc aac ccg ggt ggc ate ggt ace cgc cac tee ate ecg cgt ctg HO? 
20 Leu Thr Asn Pro Gly Gly lie Gly Thr Arg His Ser He Pro Arg Leu 

275 ' 280 . 285 

acc aag ggc cag ggc acc ate ate ggt gtc ggt tec atg gac tac ccg 1155 
Thr Lys Gly Gin Gly Thr He He Gly Val. Gly Ser Met Asp Tyr Pro 
25 290 295 ' " 300 

gcc gag ttc cag ggt gcc tec gag gac cgt etc gcC gag etc ggt gtg 1203 
Ala Glu Phe Gin Gly Ala Ser Glu Asp Arg Leu Ala Glu Leu Gly Val 
305 310 . 3.15 

30 ggc aag etc gtc ace ate acc tec acc tac gat cac cgc glc ate cag 1251 

Gly Lys Leu Val Thr He Thr Ser Thr Tyr Asp His, Arg Val He Gin 

320 - • 325 330 • : 

ggc gcg gaa tec ggt gag ttc ctg cgc acc atg tec cag ctg etc gtg 1299 
35 Gly Ala Glu Ser Gly Glu Phe Leu Arg Thr Mel Ser Gin Leu Leu Val 

335 340 345 350 

gac gat gcg ttc tgg gat cac ale ttc gag gag atg aac gtt ecc- tac 1347 
Asp Asp Ala Phe.Trp Aip His He' Phe Glu. Glu Met Asn Val Pro Tyr 
^0 , 355 : 360 365 

acc ccg atg cgc tgg gca cag gac ctg ecc aac acc ggt gtg gac. aag- 1395 
Thr Pro Met Arg Trp Ala Gin Asp Leu Pro Asn Thr Gly Val. Asp Lys 

370 375 . , . -. 380 . 

aac acc cgt gtc atg cag etc ate gag gee tac cgc tec cgc ggt cac 1443 
Asn Thr Arg Val Met Gin Leu He Glu Ala Tyr Arg Ser Arg Gly His 

.385 390 395 

etc ate gcc gac acc aac cca ctg ecc tgg gtc cag ecc ggc atg ecc 1491 
Leu lie Ala Asp Thr Asn Pro Leu Pro Trp Val Gin Pro Gly Mel Pro 

400 405 410' 

gtc ccg gat cac cgt gac etc gac ate gag acc cac ggc ctg ace ctg 1539 

_Va 1 - Pro- Asp-Hi s Arg -Asp leu Asp 1 l e -G 1 u. Th r H i s Gl_y_ Leu_ Th T- Leu _ - - I 

415 , 420 425 ' .430. 
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tgg gat ctg gac cgt acc ttc cac gtc ggt ggt t(c ggt ggc aag gag 1587 

Trp Asp Leu Asp Arg Thr Phe His Val Gly Cly Phe Gly Gly Lys Glu 

435 440 445 .. 

acc atg acc ctg cgc gag gig etc age cgc etc cgc gcc gcc tac acc 1635 

Thr Met Thr Leu Arg Glu Val Leu Ser Arg Leu Arg Ala Ala Tyr Thr 

450 ' 455 460 

^0 etc aag gtc ggc tec gag tac acc cac ate etc gac cgc gat gag cgc 1683 

Leu Lys Val Gly Ser Glu Tyr Thr His lie Leu Asp Arg Asp Glu Arg 

465 470 475 . 

acc tgg ctg cag gac cgc etc gag gcc ggt. atg ccc aag ccc ace gcc 1731 

75 Thr Trp Leu Gin Asp Arg Leu Glu Ala Gly Met Pro Lys Pro Thr Ala' 

480 485 490 

gcc gag cag aag tac ate ctg cag aag etc aac gcc gcc gag gca tie 1779 

Ala Glu Gin Lys Tyr He Leu Gin Lys Leu Asn Ala Ala Glu Ala Phe 

20 495 500 505 510. 

gag aac ttc ctg cag acc aag tac gtc ggc cag aag cgt ttc tec etc 1827 

Glu Asn Phe Leu Gin Thr Lys Tyr Val Gly Gin Lys; Arg Phe Ser Leu 

: 515 . 520 . 525 / 

^5 gag ggt gcc gag tea ctg ate ccg ctg alg gac tec gcc ate gac ace 1875 

Glu Gly Ala Glu Ser Leu 1 le Pro Leu Met Asp Ser Ala lie Asp Thr 

530 535 540 

gcc gca ggc cag ggc ctt gae gag gtc gtc ate ggc atg ccc cac cgt 1923 

20 Ala Ala Gly Gin Gly Let) Asp Glu Val Val lie Gly Met Pro His Arg 

545 . . 550 '555 - 

ggt cgc cle aac gtg clg ttc aac. ale gtc ggc aag cca ctg gcc teg 1971 

Gly Arg Leu Asn Val Leu Phe Asn Me Val Gly Lys Pro Leu Ala Ser . 

55 - 560 ' 565 570 

ate tic aac gag ttc gag ggc cag atg gag cag ggc cag ate ggt ggc 2019 

He Phe Asn Glu Phe Glu Gly Gin Met Clu Gin Gly Gin He Gly Gly 

575 . 580 . . 585 . 590 . * 

tec ggt gac gtg aag tac cac etc ggt tec gag ggc acc cac ctg cag 2067 

Ser Gly Asp Val Lys Tyr His Leu Gly Ser Glu Gly Thr His. Leu Gin ^ • 

595 600 . . 605 

alg ttc ggc gac ggc gag ate aag gtc tec etc acc gcc aac ccc tec 2115 

Met Phe Gly Asp. Gly Glu He Lys Val Ser Leu Thr Ala. Asn Pro Ser 

610. 615 ... 620 

cac etc gag gcc gtc aac ccg gtc , gig gag ggc ate gtc cgc gcc aag 2163 

His Leu Glu Ala Val Asn Pro Val Val Clu Gly He Val Arg Ala Lys . 

625 530 . 635 ; : . 

cag gae ate ctg gac aag ggc ccg gac ggc lac acc gtc gtc ccg clg 22H 

Gin Asp He Leu Asp Lys Gly Pro Asp Gly Tyr Thr Val Val Pro Leu 

640 .645 .650 

ctg etc cac ggt gac gcc gcc ttc gcc ggc ctg ggc ate gig ccc gag 2259 
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880 885 890 

ggc gag etc ate gcc Itc ggc tec ctg gcc acc tec ggc agg clg gtc 2979 
, Gly Glu Leu He Ala Phe Gly Ser Leu Ala Thr Ser Gly Arg Leu Val 
895 ' 900 905 910 

cgc etc gcc ggt gag gat tec cgc cgt ggt acc ttc acc cag egt 'cac 3027 
Arg Leu Ala Gly Glu Asp Ser Arg Arg Gly Thr Phe Thr Gin Arg His 

: 915 920 925 

gcc gig gcc ate gac ccg aac act gcc gag gag ttc aac ccg etc cac 3075 
Ala Val Ala He Asp Pro Asn Thr Ala Glu Glu Phe Asn Pro Leu His 

930 935 940 ' 

gag etg gca cag gcc aag ggc ggc ggc aag ttc etc gtc tac aac tec ' 3123 
Glu Leu Ala Gin Ala Lys Gly Gly Gly Lys Phe Leu Val Tyr Asn Ser 

945 950 -955 

gcg ctg acc gag tac gcg ggt atg ggc ttc gaa tac ggc tac tec gtg 3171 
Ala Leu Thr Glu Tyr Ala Gly' Met Giy Phe Glu Tyr Gly Tyr Ser Val 

960 - 965 970 

ggc aac ccg gac gcc gtg gtg tec tgg gag gca cag lie ggt gac Mc 3219 
Gly Asn Pro Asp Ala Val Val Ser Trp Glu Ala Gin Phe Gly Asp Phe • 
975 - 980 985 ^ 990 

gcc aac ggt gca cag acc ate ate gat gag tac ate tee tec ggt gag . 3257 
Ala Asn Gly Ala CIn Thr He He Asp Glu Tyr He Ser Ser Gly Glu 

995 1000 1005 

gee aag tgg ggc cag acc tec teg gtc ate ctg ctg ctg ccc cac ggt 3315 
Ala Lys Trp Gly Gin Thr Ser Ser Val He Leu Leu Leu Pro His Gly 

1010 1015 1020 

tac gag ggc eag ggt ccg gac cac tec tec gea cgc ate gag cgt ttc 3363 
Tyr Glu Gly Gin Gly Pro Asp His Ser Sier Ala Arg He Glu Arg Phe 

1025 1030 1035 

ctg eag etg tgc gcc gag ggt tec atg acc ate gcc cag ccg acc acc 3411 
Leu Gin Leu Cys Ala Glu Gly Ser Mel Thr He ^Al a Gin Pro Thr Thr- 

1040 1045 1050 

ccg gcg aac tac ttc cac ctg ctg cgt cgt cac gca ctg ggc aag atg 3459 
Pro Ala Asn Tyr Phe His Leu Leu Arg Arg His Ala Leu Gly Lys Met 
1055 - 1060 ' 1055 1070 

aag cgc ccg ctg gtc gtc ttc acc ccg aag tec atg clg cgc aac aag 3507 
Lys Arg Pro Leu Val Val Phe Thr Pro Lys Ser Met Leu Arg Asn Lys* 

•1075 ' 1080 ' 1085 

gcc gcc acc tec gel ccg gag gag tic ace gag gtc acc cgc ttc aag 3555 
Ala Ala Thr Ser Ala Pro'Glu Glu Phe Thr Glu Val Thr Arg Phe Lys" 

1090 1095 ' MOO. 

tec gtg ate gac gat ccg aac gtg gcg gal gcc tec aag gtg aag aag 3603 
Ser Val Me Asp Asp Pro Asn Val Ala'Asp Ala Ser Lys Val Lys Lys 
1,105 ' . 1110 • ' : - 1115 
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ate alg ctg tgc tec ggc aag ate tac tac gaa ctg gcc aag cgc aag 3651 

___-]-!.e-^Me-t-Leu-Cy-s-Ser— G-!-y-L.y-S-TJ-e_T-y.r_T^^^ ^ 

5 1120 1125 1130 . 

gag aag gac aac cgc gac gac ate gcg ate gtg cgc atc.gag atg ctg 3699 
Glu Lys Asp Asn Arg Asp, Asp He Ala lie Val Arg lie Glu Met Leu 
1135 1140 1145 ,1150 

,0 cac ccg ate ceg ttc aac cgt ctg cgc gac gee t tc gac, ggc tac ccc , 3747 

His Pro lie Pro Phe Asn Arg Leu Arg Asp Ala Phe, Asp Gly Tyr Pro " 

: 1155 1160 . 1165 

aac gcc gag gag ate ctg ttc gtt cag gac gag ccg gca aac cag ggt 3795 
,5 Asn Ala Glu Glu lie Leu Phe VaT Gin Asp Glu Pro Ala Asn Gin, Gly 

1170 _ ■, V .1175 , ; U80 

gcc tgg ccg ttc tac cag gag. cac ctg. ecc aac etc ate gag ggc atg 3843 
Ala Tro Pro Phe Tyr Gin Glu His Leu Pro Asn Leu He Glu Gly Met 
20 1 185. ;, 1190 1195 

etc ccg atg egt cgc ate teg cgc cgt tec cag tec teg act gcg ace ,3891 
Leu Pro Met Arg Arg He Ser Arg Arg Ser Gin Ser Ser Thr Ala Thr 
J200 . 1205, 1210 

. 25 ggl ate gcg aag, gtg cac ace ate gag cag cag a^g cig cig gat gat 3939 

Gly l ie Ala. Lys Val His. Thr He Glu Gin Gin. Lys Leu Leu Asp Asp 
1215' 1220 , 1225 1230 

gcg tic aac gca taaaegttaa tacagcggtt gataccttga accccgccgc ,3991 
30 Ala Phe Asn Ala \ 

accct t taga tgcgggcggg gt 1 1 tgct 1 1 gcctgcatag gcgataatat tcatatacac 4051 
. ccateacgtt taagttetgc atttggateg tgcgagcatc ceggt . 4096 

35 <210> 34 

<21 1> 1234 • 
<212> PRT 

<2]3> CorynebacteriuDJ thejmoaiDi.nogenes , 

40. ■ . ■ ' . ■ ■ 

, <400> 34 .. , . •. : ' .. . . 

. V.al Ser Ser Ala Ser Thr Phe Gly Gin Asn Ala Trp Leu Val Asp Glu 
1 -5 10 . 15 

.^^ Mel Phe Cln Gin Phe Lys Lys Asp Pro Gin Ser Yal Asp Lys Glu Trp 

20 25 30 

Arg Glu Leu Phe Glu Ser Gin cfy Gly Pro Gin Ala Glu Lys Ala Thr 

35 .. ; . ■ - 40 ■ ■ ^ 45 . ,■ :: • 

^° Pro Ala Thr Pro Glu Ala. Lys Lys Ala Ala , Ser Ser Gin Ser Ser Thr 
'50 ' .• .. ' . 55 . • ■ . 60 . . 

Ser Gly Gin Ser Thr Ala Lys Ala Ala Pro Ala Ala Lys Thr Ala Pro 

65 ^ - . -10:-. - -^-^ ^.:r5.- : _ :^_.__80 

Ala Ser Ala Pro Ala Lys Ala Ala Pro Val Lys Gin Asn Gin Ala Ser 



NSDOCID: <EP 121&712A1J_ 



118 



EP1 219 712 A1 



85 '90 95 

Lys Pro Ala Lys Lys Ala Lys Glu Ser Pro Leu Ser Lys Pro Ala Ala 

100 105 no 

Met Pro Glu Pro Gly Thr Thr Pro Leu Arg Gly He Phe Lys Ser lie 

115 120 : 125 

Ala Lys Asn Met Asp Leu Ser Leu Glu Val Pro Thr Ala Thr Ser Val 

130 135 140 

Arg Asp Met Pro Ala Arg Leu Met Phe Glu Asn Arg Ala Met Val Asn 
145 160 155. 160 

Asp Cln Leu Lys Arg Thr Arg Gly Gly Lys He Ser Phe Thr His lie 

165 170 175 

He Gly Tyr Ala Mel Val Lys Ala Val Met Ala His Pro Asp Met Asn 

180 185 190 

Asn Ser Tyr Asp He Val Asp Gly Lys Pro Ser Leu Yal Val Pro Glu 

195 200 205 

His lie Asn Leu Gly Leu Ala He Asp Leu Pro Gin Lys Asp Gly Ser 

210 215 220 

Arg Ala Leu Val Val Ala Ala lie Lys Glu Thr Glu Lys Mel Thr Phe 
225 230 ,235 ' 240- 

Ser Gin Phe Leu Glu Ala Tyr Glu Asp Val'Val Ala Arg Ser Arg Val 

245 250 255 

Gly Lys Leu Thr Mel Asp Asp Tyr Gin Gly Val Thr He Ser Leu Thr 

260 265 270 

Asn Pro Gly Gly He Gly Thr Arg His Ser He Pro Arg Leu Thr Lys 

275 ■ 280 ■ 285 

G\y Gin Gly Thr He He Gly Val Gly Ser Met Asp Tyr Pro Ala Glu 

290 295 300 

Phe Gin Gly Ala Ser Glu Asp Arg Leu Ala Glu Leu Gly Val Gly Lys 
305 310 315 320 

Leu Val Thr He Thr Ser Thr Tyr Asp His Arg Val He Gin Gly Ala 

325 330 335 

Glu Ser Gly Glu Phe Leu Arg Thr Met Ser Gin Leu Leu Val Asp Asp 

■340. - 345 350 

Ala Phe Trp Asp His He Phe Glu Glu Met Asn Val Pro Tyr Thr Pro 
355 . . 360 ■ . ■■ 365 • • : ' , 

Mel Arg Trp Ala Gin Asp Leu Pro Asn Thr Gly Val Asp Lys Asn Thr 

370 375 : 380 

Arg Val Mel Gin Leu He Glu Ala Tyr Arg Ser Arg Gly His Leu He 
385 ;390 395 400 

Ala Asp Thr Asn Pro Leu Pro Trp Val Gin Pro Gly Met Pro Val Pro 

405 : 410 415 

Asp His Arg Asp Leu Asp He Glu Thr His Gly Leu Thr Leu Trp Asp 
420 . : , ■ . .■425.- 430' . 
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Leu Asp Arg Thr Phe His Val Gly Cly Phe Gly Gly Lys Glu Thr Met 

435 4 4 0 445 . ^ 

Thr Leu Arg Glu Vai Leu Ser Arg Leu Arg Ala Ala Tyr thr Leu Lys 

450 .455 ... 460 

Val Gly Ser Glu Tyr Thr His He Leu Asp Arg Asp Glu Arg Thr Trp 
465 , 470 475 : 480 

Leu Gin Asp Arg Leu Glu Ala Gly Mel Pro Lys Pro Thr Ala Ala Glu 

485 490 495 

Gin Lys Tyr He Leu Gin Lys Leu Asn Ala Ala Glu Ala Phe Glu Asn 

500, , .. 505. 510 

Phe Leu Gin Thr Lys Tyr Val Gly Gin Lys Arg Phe Ser Leu Glu Gly 

515 520 , 525 

Ala Glu Ser Leu lie Pro Leu Met Asp Ser Ala He Asp Thr Ala Ala 

530 535 540 

Gly Gin Gly Leu Asp Glu Val Val He Gly Met Pro His Arg Gly Arg 
545 . : 550 . 555 ., 560 

Leu Asn Val Leu Phe Asn He Val Gly Lys Pro Leu Ala Ser He Phe 

.565 570 . : 575 

Asn Glu Phe Glu Gly Gin Met Glu Gin Gly Gin He Gly Gly Ser Gly 

580 . 585 590 

Asp Val Lys Tyr His Leu Gly Ser Glu Gly Thr His Leu Gin Met Phe 

595 600 605 

Gly Asp Gly Glu He Lys Val Ser Leu Thr Ala Asn Pro Ser His Leu: 

610. 615 620 ... 

Glu Ala Val Asn Pro Val Val Glu Gly He Val Arg Ala Lys Gin Asp 
625 630 . ' 635 640 

He Leu Asp Lys Gly Pro Asp Gly Tyr Thr Val Val Pro Leu Leu Leu 

645 650 655 

His Gly Asp Ala Ala Phe Ala Gly Leu Gly He Val Pro Glu Thr He 

660 665 ; , 670 . 

Asn Leu Ala Ala Leu Arg Gly Tyr Asp Val Gly Gly Thr He His He 

675 680 685 . ■ : 

Val Val Asn Asn Gin He Gly. Phe Thr Thr Thr Pro Asp Ser Ser Arg 

690. 695 700 

Ser Met His Tyr Ala Thr Asp Cys Ala Lys Ala Phe Gly Cys Pro Val 
7Q5 ■ 710 , , ; 715. , 720 

Phe His Val Asn Gly Asp Asp Pro Glu Ala Val Val Trp Val Gly Gin 

725 730 ; , : 735 

Leu Ala Thr Glu Tyr Arg Arg Arg Phe Gly Lys Asp Val Phe He Asp 

740 . .'^45 , 750 

Leu He Cys Tyr Arg Leu Arg Gly His Asn Glu Ala Asp Asp Pro Ser 

... . ..755.,.- : ^. _ J60:.,. :^ „ 165 . _^ _ • ; _ 

Met Thr Gin Pro Lys Met Tyr Glu Leu He Thr Gly Arg Asp Ser Vai 
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770 - > '775 780 

Arg Ala Thr Tyr Thr Glu Asp Leu Leu Gly Arg Gly Asp Leu Ser Pro 
785 • 790 795 800 

Glu Asp Ala Glu Ala Val Val Arg Asp Phe His Asp Gin Met Glu Ser 
■ ■ 805 810 . • 815 . ■ 

Va) Phe AsD Glu Val Lys Glu Ala Gly Lys Lys Gin Pro Asp Glu Gin 
w -820 825 . 830 

Thr Gly lie Thr Gly Ser Gin Glu Leu Thr Arg Gly Leu Asp Thr Asn 

835- 840 845 ■ 

He Thr Arg Glu Glu Leu Val Glu Leu Gly Gin Ala Phe Val Asn Thr 
'5 850 855 860 

Pro Glu Gly Phe Thr Tyr His Pro Arg Val Ala Pro Val Ala Lys Lys 
865 . - 870 ■ 875 .. 880 

Arg Ala Glu Ser Val Thr Glu Gly Gly He AspTrp Ala Trp.Gly Glu 
2" 885 ■ 890 895 ■ 

Leu lie Ala Phe Gly Ser Leu Ala Thr Ser Gly Arg Leu Val Arg Leu 

900 905 . • - 910 

Ala Gly Glu Asp Ser Arg Arg Gly Thr Phe Thr Gin Arg His Ala Val 
^^ . . ■ 915 920 ■ 925 

Ala lie Asp Pro Asn Thr Ala Glu Glu Phe Asn Pro Leu His Glu Leu 

930 935 • 940 

Ala Gin Ala Lys Gly Gly Gly Lys Phe Leu Val Tyr Asn Ser Ala Leu 
945 950 955 960 

Thr Glu Tyr Ala Gly Mel Gly Phe Glu Tyr Gly Tyr Ser Val Gly Asn 

965 970 975 

Pro Asp Ala Val Val Ser Trp Glu Ala Gin Phe Gly Asp Phe Ala Asn 

• ■ .980 ■ 985 990 

Gly Ala Gin Thr lie lie Asp Glu Tyr lie Ser Ser Gly Glu Ala Lys 

995 ■ • 1000 1005 

Trp Gly Gin Thr Ser Ser Val lie Leu Leu Leu Pro His Gly Tyr Glu 
'° 1010 1015 . 1020 ■ 

Gly Gin Gly Pro Asp His Ser Ser Ala Arg He Glu Arg Phe Leu Gin 
025 . 1030 1035 . |040 

Leu Cys Ala Glu Gly Ser Mel Thr He Ala Gin Pro Thr Thr Pro Ala 
" ' • 1045 , 1050 ■ • • .1055 

Asn Tyr Phe His Lea Leu Arg Arg His Ala Leu Gly Lys Met Lys Arg 
1060 1065 I070- 

^ Pro Leu Val Val Phe Thr Pro Lys Ser Mei Leu Arg Asn Lys Ala Ala 

1075 • • 1080 1085 • 

Thr Ser Ala Pro Glu Glu Phe Thr Glu Val Thr Arg Phe Lys Ser Val 
1090 1095 ■ 1100 

J He Asp. Asp Pro Asn Val Ala Asp Ala Ser Lys Val Lys Lys He Met 

105 .. 1110 ■ . .1115- 1120 
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Leu Cys Ser Gly Lys lie TyrTyr Clu Leu Ala Lys Arg Lys Glu Lys 

( i ;25 - 1 130 II 3g 

Asp As n Arg Asp Asp lie Ala Me Val Arg He Glu Mel Leu His Pro 

1140 1146 1150 

lie Pro Phe Asn Arg Leu Arg Asp Ala Phe Asp Gly Tyr Pro Asn Ala 

1155 . 1160 1165 

Glu Glu He Leu Phe Val Gin Asp Glu Pro Ala Asn Gin Gly Ala Trp 

1170 1175 1 1 80 

Pro Phe Tyr Gin Glu His Leu Pro Asn Leu lie Glu Gly Mel Leu Pro 
185 1190 1195 1200 

Met Arg Arg He Ser Arg Arg Ser Gin Ser Ser Thr Ala Thr Gly lie 

1205 1210 1215 . 

Ala Lys Val His Thr He Glu Gin Gin Lys Leu Leu Asp Asp Ala Phe 
1220 1225 1230 

Asn Ala . 

<2I0> 35 ' 

<211> 20 

<212> DNA . 

<213> Arti f icial Sequence 

<220> 

<223> Descript ion of Artificial Sequence: primer for aceA 

<400> 35 . , 

cctctaccca gcgaaclccg 

<210> 36 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Descript ion of Artificial Sequence: primer for aceA 
<4do> 36 

clgccttgaa ctcacggttc 

<210> 37 , 
<21 1> 20 

- -<212>- DNA - - -- , . - -- ^ - 

<213> Art i f icial Sequence 
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<220> 

<223> Description of Artificial Sequence: primer for accBC 
<400> 37 

catccacccc ggclacggct 

<210> 38 
<2il> 20 
<212> DNA 

<2I3> Artificial Sequence 
<220> 

<22Z> Description of Artificial Sequence: primer for accBC 
<400> 38 

cgglgactgg gtgl tccacc 

<210> 39 
<2n> 20 
<212> DNA 

<2I3> Arti f icial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for dtsRl 
<400> 39 

acggcccagc cctgaccgac 

<210> 40 . 
<2n> 20 
<212> DNA 

<213> Arti f icial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for dtsRl 
<400> 40 

agcagcgccc atgacggcga 

<210> 41 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
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<Z20> 

<-2-2 3->— De s c-r-i-p-!4-o n-o-f— A T-t-i-f j.aJ_S.e.qu.e.n.c.e.t 
<400> 41 

acggcccagc cctgaccgac 

<2|0> 42 

<211> 20 

<212> DNA 

<213> Artificial Sequence 

<220> -: ■ . ' . ■ '■ 

<223> Description of Artificial Sequence: primer for dtsR2 

<400> 42 

agc.agcgccc atgacggcga 

<210> 43" . 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

. <220> . 
<223> Description of Artificial Sequence: primer for pfk 

<400> 43 

cgtcalccga ggaatcgtcc 

<210> 44 
<211> 20 
<212> DNA 

<213> Art i f icial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for pfk 
<400> 44 

cgtggcggcc catgacctcc 
<210> 45 

<211> 17 . .: 

<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for scrB 
<220> 

<221> UNSURE 
<222> (3) 

<223> n=a or g or c or t 
<400> 45 

ggncghytba aygaycc 

<210> 46 
<2]1> 20 
<2!2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer lor scrB 
<220> 

<22l> UNSURE 
<222> (18) 

<223> n=a or g or c or t . 
<400> 46 

ggrcaytccc acatrtancc 

<210> 47 
<2ll> 20 
<212> DNA 

<2I3> Artificial Sequence ' 
<220> 

<223> Description of Artificial Sequence: primer for gluABCD 
<400> 47 

ccalccggal ccggcaagtc . 

<210> 48 
<2n> 20 
<2I2> DNA 
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<213> Artificial Sequence 



. <220> 

<223> Description of Artificial Sequence: primer for gluABCD 

<400> 48 . 
P aalcccatct cgtgggtaac 

<2I0> 49 
<211> 23 
5 <212> DNA 

<213> Artificial Sequence . ^ 

<220> 

?o <223> Description of Artificial Sequence: primer for pdhA 

<400> 49 

actgtgtcca tgggtcttgg cec 
<2.10> 50 

. <21 1>'20 ■ 
<212> DNA 
30 <213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: priioer for pdhA 

35 

<400> 50 

cgc t ggaa t ccgaaca t cga 

40 . <210> 51 
<211> 26 
<212> DNA . 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for pc 

^° <400> 51 

ggcgcaacct acgacgttgc aatgcg 

- ._<2-10>-52- - - - _ : - _ . 

<2ll> 20 
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10 



20 



25 



30 



35 



40 



<212> DNA 

<213> Arl i f icial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for pc 
<400> 52 

tggccgcctg ggatclcgtg 20 

<210> 53 
.<211> 20 
<2I2> DNA 

<21 3> Ar t i f icial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for ppc 
<400> 53 

ggltcGtgga ttggtggaga ' 20 

<210> 54 

<2I]> 20 

<212> DNA 

<213> Art i f icial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for ppc 

<400> 54 

ccgccatccl tgttggaalc 20 

<210> 55 
<211> 20 

<212> DNA . ; . . 

<21 3> Art i f icial Sequence 

<220> 

<223> Description of Artificial Sequence: primer for acn 

<220> . . . 

<22I> UNSURE 
<222> (3,6,9) 
<223> n=inosine 
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<400> 55 

~ gtnggnacng aylcscalac ~~ ~ . ~~ '~' 20" 

5 . ■ ■ ■ ■ 

<2I0> 56 

<2I1> 20 . 

<212> DNA 

^ <213> Artificial Sequence . : 

<220> 

<223> Description of Artificial Sequence: primer for acn 

- ■ •;■ <220>' ■ ■' ■ ■ - ■■ ' \ 

<221> UNSURE 
<222> (3,9,18) . 

<223> n=inoslne ■ - 

<400> 56 . . • 

25 gcnggagana tgtgrtcngt 20 

<210> 57 , . 
<21J> 20 
30 <212> DNA 

<213> Artificial Sequence 

<220> 

35 . <223> Description of Artificial Sequence: primer for icd 
<400> 57 

gacatlicac Icgclggacg ' 20 

40 

<210> 58 
'<2n> 20 
<2 1 2> DNA 

<213> Artificial Sequence 

<220> " 
<223> rescript ion of Artificial Sequence: primer for icd 

50 ^ 

<400> 58 

ccglactcll cagccttctg 20 
<210> 59 



128 

3NSD0CI0:<EP 1219712A1jI> 



EP1 219 712A1 



<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for Ipd 
<400> 59 

atcatcgcaa ccggttc 

<210> 60 
<211> 19 
<212> DNA 

<213> Arti f icial Sequence 
<220> 

<223> Descript ion' of Artificial Sequence: primer for Ipd 
<400> 60 

cgtcaccgat ggcgtaaat 

<210> 61 

<2n> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for odhA 

<400> 61 

acaccgtggt cgcclcaacg 

<2.10> 62 
<211> 20 
<2I2> DNA 

<213> Ar t i f icial Sequence 
<220> 

<223> Descripiion of Artificial Sequence: primer for odhA 
<400> 62 

Igctaacccg tcccacctgg 
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<210> 63 

-x:2.!J->_2.0- ■ ^ \ ■ ■ • . _ — ^ 

<212> DNA 

<213> Arlificial Sequence 

<22o> . , ■ • : ■ • 

<223> Description of Artificial Sequence: primer for 
screening PCR of Ipd 

<400> 63 . , 
tacgaggagc agatcctcaa 20 

<210> 64 .. 
<2n> 20 
<212> DNA 

<213> Ar I i f icial Sequence 
<220> 

<223> Descript ion of Ar t i f ic ial Sequence : primer for , . ' • 

screening PCR of Ipd 

<400> 64 ' 

llgacgccgg Igltctccag ,20 

<210> 65 
<21I> 20 
<212> DNA 

<21 3> Art i f icial Sequence 
<220> 

<223> Descr ipl ion of Artificial Sequence: primer for 

LA c loning of acn . _ ■ 

<400> 65 

ggtgaagcta agtagtlagc 20 

<210> 66 
<211> 18 

<212> DNA ■ , ■ 

<213> Arlificial Sequence ' ■ 

<223> Description of Artificial Sequence: primer for 
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LA cloning of acn 
<400> 66 

agclaclaaa cclgcacc 

<210> 67 
<211> 20 
<212> DNA 

<213> Arii f icial Sequence 
<220> . 

<223> Description of Artificial Sequence: primer for 
LA cloning of icd 

<400> 67 

ccgiactctt cagccttctg 
<210> 68 

<211> 18 ■ 
<212> DNA 

<213> Art i f icial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for 
LA cloning of icd 

<400> 68 

tcgtcci tgt Iccacatc 

<2I0> 69 
<2ll> 17 
<2I2> DNA 

<2l3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for 
LA cloning of [pd 

<400> 69 

atcatcgcaa ccggtlc 

<210> 70 
<2n> 20 
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10 



15 



20 



25 



35 



40 



45 



<Z12> DNA 

<213> Artificial Seq uence 



<220> 

<223> Descript ion of Artificial Sequence: primer for 
LA cloning of Ipd . 

<400> 70 

tacgaggagc agatcctcaa 20 

<21G> 71 
<211> 20 
<Z12> DNA 

<213> Artificial Sequence 
<220> 

<Z23> Description of Artificial Sequence: primer for 
LA cloning of acn 

<400> 71 

gctaaclact tagcttcacc 

30 <210> 72 

<211> 20 
<212> DNA 

<213> Artificial Sequence 



55 



<220> 

<223> Description of Artificial Sequence: primer for 
LA cloning of acn 

<400> 72 

gaaccaggaa ctattgaacc 

<210> 73 
<2n> 18 
<212> DNA 

<2I3> Art i f icial Sequence, 
<220> 

<223> Description of Artificial Sequence: primer for 
LA cloning of icd - 



20 



20 



132 

3NSCXX;iD: <EP 1219712A1J_> 



EP 1 219 712 A1:. 



<400> 73 

tccgatgtca tcatcgac 

<210> 74 
<2ll> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for 
LA cloning of icd ■ 

<400> 74 

algtggaaca aggacgac 

<210> 75 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Descriplion of Artificial Sequence: primer for 
LA cloning of odhA 

<400> 75 

giacatallg tcgttagaac gcgtaatacg actca 

<210> 76 
<2I1> 35 
<212> DNA 

<213> Artificial Sequence 
<220> . 

<223> Description of Artificial Sequence: primer for 
LA cloning of odhA 

<400> 76 

cgltagaacg cgtaatacga ctcactatag ggaga 

<2io> 77'' ; . 

<211> 32 
<212> DNA 
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<2!3> Artificial Sequence 

5 .' <2.20> ■ . 

<223> Description of Artificial Sequence:pr imer for 

amplifying gdh gene 

10 <400> 77 

gcgc.ctgcag gtccgagggt gtgcgttcgg ca 

- <210> 78 ' . 

'5 <21l> 32 

<2r2> DNA. . . 

<213> Arti f icial Sequence 

20 ■ . ■ ' 

<220> 

<22S> Description of Artificial Sequence:prinier for 
amplifying gdh gene 

<400> 78 

gcgcctgcag ccaccagga tgccclcaacc ag 

<210> 79. . . 

<211> 1344 
<212> DNA 

<213> Corynebacterium Ihermoam.inogenes 

<220> 
<221> CDS 

<222> (1).. (1341) ■ 



<400> 79 . ■ ,, 

alg act gta gat gag cag gtc tec aac 
Met Thr Val Asp Glu Gin Val Ser Asn 

: 1 • . . 5 • . 

cgc aac gcc ggg gaa ccl gag tic cac 
Arg Ash Ala GlyGlu Pro Glu Phe His 
=V 20 25 
gaa tct clg aag ale gtc ctg gag aag 
Glu Ser Leu Lys lie Val Leu Glu Lys 
. 35 ^ _ . 4XL . . 

ggt ctg ate eag cgt clc igc gaa ccg 



lac lac gac atg ctg ctg aag 48 
Tyr Tyr Asp Met Leu Leu Lys 
10 15 
cag get gtc gcg gag gtt etc 96 
Gin Ala Val Ala Glu Val Leu 
30 

gac ccg cae tac gcc gac tac 144 
Asp i*ro His Tyr Ala Asp Tyr 

-J^. 4.5 _ - . L 

gaa cgc cag clg ale llccgl 192 
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Gly Leu He Gin Arg Leu 
50 

gig ccc tgg gig 

Yal Pro Trp Vai 
65 

cgt gtc cag t tc 

Arg Val Gin Phe 



15 



20 



25 



30 



35 



ttc cac 

Phe His 

cag ate 
Gin He 

ggl ggl 
Gly Gly 
130 
cgc t:c 
Arg Phe 
145 

tac egg 
Tyr Arg 

ggt tac 
Gly Tyr 

ggt gtg 
Gly Val 

acc gag 
Thr Glu 
210 
aag gcg 
Lys Ala 
225 

tec ggc 
Ser Gly 



ccc icc 
Pro Ser 
100 
tic aag 
Phe Lys 
115 

tec gac 
Ser Asp 

Igc cag 
Cys Gin 

gat gtc 
Asp Val 

etc ttc 
Leu Phe 
180 
etc acc 
Leu Thr 
195 

gcc acc 
Ala Thr 

gaa ggg 
Glu Gly 

aac gtg 
Asn Val 



gcg gll gig gtc 
Ala Val Val Val 
260 

aac ggt gll gac 
Asn Gly Val Asp 



gat gac 
Asp Asp 
70 

aac tec 
Asn Ser 
85 

gtc aac 
Val Asn 

aac tec 
Asn Ser 

ttc gac 
Phe Asp 

tec I tc 
Ser Phe 
150 
eeg gcc 
Pro Ala 
165 

ggc cac 
Gly His 

ggc aag 
Gly Lys 

ggc tic 
Gly Phe 

gag acc 
Glu Thr 
230 
gcc acc 
Ala Thr 
245 . 
ggc Itc 
Gly Phe 

gtg gcc 
Val Ala 



Cys Glu 
55 

aac ggl 
Asn Gly 

gca etc 
Ala Leu 

etc ggc 
Leu Gly 

etc acc 
Leu Thr 
120 
ccg aag 
Pro Lys 
135 

atg acc 
Met Thr 

ggt gac 
Gly Asp 

tac cgc 
Tyr Arg 

ggc ctg 
Gly Leu 
200 
ggc acc 
Gly Thr 
215 

etc gag 
Leu Glu 

tac gcc 
Tyr Ala 

tec gac 
Ser Asp 

aag ctg 
Lys Leu 



Pro Glu 

cag gtg 
Gin Val 

ggc ccg 
Gly Pro 
90 

ate gtc 
Me Val 
105 

ggt ctg 
Gly Leu 

ggc aag 
Gly Lys 

gag ctg 

G!u Leu ' 

ate gga 
He Gly 
170 
cgt ctg 
Arg Leu 
185 

ace tgg 
Thr Trp 

glc tac 
Val Tyr 

ggc aag 
Gly Lys 

ate cag 
He Gin 
250 
tec age 
Ser Ser 
265 • 
cgt, gag 
Arg Glu 



Arg Gin Leu 
60 

cac gtc aac 

His Val Asn 
75 

tac aag ggt 

Tyr Lys Gly 

aag He etc 
Lys Phe Leu 

ccg ate ggt 
Pro He Gly 
125 

tec gag ctg 
Ser Glu Leu 
140 

cac cgc cac 
His Arg His 
155 

gtc ggt ggc 
Val Gly Gly 

gcc aac cag 
Ala Asn Cln 

ggt ggt tec 
Gly Gly Ser 
205 

tic glc cag 
Phe Val Cln 

220 
aag gtc ale 
Lys Val He 
235 

aag gig cag 
Lys Val Gin 

ggc tgg gtc 
Gly Trp Val 

ate aag gag 
I le Lys Glu 



lie Phe Arg 

cgt ggt t tc 
Arg Gly Phe 
80 

ggt ctg cgt 
Gly Leu Arg 
95 

ggc ttc gag 
Gly Phe Glu 
HO 

ggc ggc aag 
Gly Gly Lys 

gag ate atg 
Glu He Met 

ate ggc gag 
He Gly Glu' 
160; 

cgc gag ate 
Arg Glu He 
175 

cac gag tec ^ 
His Glu Ser 
190 

ctg glc cgc 
Leu Val Arg 

gag atg ate 
Glu Met He 

glc tec ggl 
Val Ser Gly 
. . . : 240 
gaa ctg ggt 
Glu Leu Gly 

255 . 
tec acc ccg 
Ser Thr Pro 
270 

glc cgt cgt 
Val Arg Arg 



240 



288 



336 



384 



432 



480 



528 



576 



624 



672 



720 



T68 



816 



864 
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10 



'20 



30 



35 



40 



50 







97 C 


280 ' 






285 ' 










f* or 


'■ — t- -V,- I U ti 


gcc gac gag gtg 


_gag„ 




gcg gag 


tac 


cac 


912 


A 1 a 


Arg 


vai^ocr oGT lyr 


Ala Asp Glu Val 


Glu 


GI V 


Ala Glu 


Tyr 


His 






290 




295 




300 










acc 


gac 


ggc icc ate igg 


gat ctg acc gcc 


gac 


ate 


gcg ctg ccc 


t ffr 


960 


Thr 


Asp 


biy oer lie i rp 


Asp Leu Thr Ala Asp 


He 


Ala Leu 


Pro 


Cvs 




305 








315 








320 




gcc 


acc 


cag aac gaa c tg* 


gac ggc gac aac 


gcc 


cgc 


acc etc 


gcg 


gac 


I V V O , 


Ala 


Thr 


Gin Asn Glu Leu 


Asp Gly Asp Asn 


Ala 


Arg Thr Leu 


Ala 


Asp 








325 


330 








335 






aac 


ggc 


t gc cgc tic gtg 


gcg gag ggc gcc 


aac 


atg 


ccc tec 


acc 


ccc 




Asn 


Gly 


Lys Arg rne vai 


Ala Glu Gly Ala 


Asn 


Met 


Pro Ser Thr Pro 










345 






350 








gag 


gcc 


ate gac gt c tic 


cgt gag cgt ggt 


gtt 


etc 


1 1 c ggg 


ccg 


ggc 


1 1 04 

[ J UH 


GIu 


Ala 


I le Asp Va 1 Pne 


Arg Glu Arg Gly Val 


Leu 


Phe Gly 


Pro 


Gly 








355 


360 






365 








aag 


get 


gcc aac gcc ggt 


ggc gtg gcc acc 


tec 


gcc 


ctg gag 


atg 


cag 


1 1 e;? 

i I D C 


Lys 


Ala 


Ala Asn Ala Gly 


Gly Val Ala Thr 


Ser 


Ala 


Leu Glu 


Met 


Gin 






370 




375 




380 










cag 


aac 


gcc , Icc cgl gat 


tec tgg:'agc. t tc 


gag 


t ac 


acc ga t 


gag 


cgt . 




G In 


Asn 


Ala Ser Arg Asp. 


Ser Trp Ser Phe 


Glu 


Tyr 


Thr Asp: 


Glu 


Arg; ^ 




385 




o fin 

390 




395 








400 




G I c 


cac 


cgc ate: a tg aag 


aac ate ttc aag 


'tCC- 


t gc 


gcc, gat 


acc. 


gcc 


1 24R 


Leu 


His 


Arg 1 le iMel Lys 


Asn He Phe Lys 


Ser 


Cys 


Ala Asp 


Thr 


Ala 








40b 


410 








415 






aag 


gag 


tac ggc: cac gag 


aag aac tac gtg, gtc 


ggt. 


gcg aac 


ate 


gee 


1 C 70 


Lys 


Glu 


Tyr; Gly His Glu 


Lys Asn Tyr Val 


Yal 


Gly 


Ala Asn 


He 


Ala, 








420 ^ 


, 425 






430 








gga 


ttc 


aag aag gtc get 


gac gcc atg etc 


gcc 


cag ggt gtc 


ate 


taa 


1344 


Gly 


Phe 


Lys Lys Val Ala 


Asp Ala Met Leu^ Ala 


Gin 


Gly Val 


He 










435 


440 






445 









<210> 80 

<2n> 447 . : 

1*^ <2 1 2> PRT 

<213> Corvnebacterium thermoaminogenes 



55 



<400>. 80 

Mel Thr Val Asp Glu Gin Val Ser Asn Tyr Tyr Asp Met Leu Leu Lys 

1 5 10 . • 15 

Arg Asn Ala Gly Glu Pro Glu Phe His Gin Ala Val Ala Glu Val Leu 

_ :26 -: - - : -, v.-. : 25-:.- • ^ __3o_ . : . : 

Glu Ser Leu Lys lie Val Leu Glu Lys Asp Pro His Tyr Ala Asp Tyr 
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10 



15 



20 



25 



30 



35 



40 



45 



35 40 . 45 

Gly Leu lie Gin Arg Leu Cys Glu Pro Glu Arg Gin Leu lie Phe Arg 

50 . 55 . 60 

Val Pro Trp Val Asp Asp Asn Gly Gin Val His Val Asn Arg Gly Phe 
65 70 75 80 

Arg Val Gin Phe Asn Ser Ala Leu Gly Pro Tyr Lys Cly Gly Leu Arg 

85 . .90 95 

Phe His Pro. Ser Val Asn Leu Gly He Val Lys Phe Leu Cly Phe Glu 

100 105 110 . 

Gin He Phe Lys Asn Ser Leu Thr Gly Leu Pro lie Gly Gly Gly Lys 

115 120 125 

Gly Gly Ser Asp Phe Asp Pro Lys Gly Lys Ser Glu Leu Clt He Met 

■ 130 135 140 

Arg Phe Cys Gin Ser Phe Met Thr Glu Leu His Arg His lie Gly Glu 
145 150 .. 155 160 

Tyr Arg Asp Val Pro Ala Gly Asp He Gly Val Gly Gly Arg Glu He 

165 .170 175 

Gly Tyr Leu Phe Gly His Tyr Arg Arg Leu Ala Asn Gin His Glu Ser 

180 185 190 

Gly Val Leu Thr Gly Lys Gly Leu Thr Trp Gly Cly Ser. Leu Val Arg 

1S5 -200. 205 

Thr Glu Ala Thr Gly Phe Gly Thr Val Tyr Phe Val Gin Glu Met He 

210 215 220 : 

Lys Ala Glu Gly Glu Thr Leu Glu , Gly Lys Lys Val He Val Ser Gly 
225 230 235 240 

Ser Gly Asn Val Ala.Thr Tyr Ala He Gin Lys VahGIn Glu Leu Gly 
245 , . 250 .. .• . 255 • 

Ala Val Val Val Gly Phe. Ser Asp Ser Ser Gly Trp Val Ser Thr Pro 

260 ...265 270 

Asn Gly Val Asp Val Ala Lys. Leu Arg Glu He Lys Glu Val Arg Arg. 

275 280 285 

■Mg Arg, Vaj^Sxr,.Serjryr_AlxAsp.jlu__VaL^^^^^ 

290 295 300 



55 



Thr Asp Gly Ser He Trp Asp 


Leu 


Thr 


Ala 


Asp He Ala Leu Pro Cys 


305 310 








315 320 


Ala Thr Gin Asn Glu Leu Asp 


Gly 


Asp 


Asn 


Ala Arg Thr Leu Ala Asp 


325 






330 


335 


Asn Gly Cys Arg Phe Val Ala 


Glu 


Gly 


Ala 


Asn Met Pro Ser Thr Pro 


• 340 




345 




350 . . , 


Glu Ala He Asp Val Phe Arg 


Glu 


Arg 


Cly 


Val Leu Phe Gly Pro Gly 


355 . . 


360 






365 . , . 


Lys Ala Ala Asn Ala Gly Gly 


Val 


Ala 


Thr 


Ser Ala'.Leu Glu Mel Gin 


370 . 375. 








380 . . 
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Gin Asn Ala Ser Arg Asp Ser Trp Ser Phe'Glu Tyr Thr Asp GIu Arg 
385 390 395 400 



10 



15 



Leu His Arg He Met Lys Asn lie Phe Lys Ser Cys Ala Asp Thr Ala 

405 410 415 

Lys Glu Tyr Gly His Glu Lys Asn Tyr Val Val Gly Ala Asn He Ala 

420 425 430 

Gly Phe Lys Lys Val Ala Asp Ala Met Leu Ala Gin Gly Val He 

435 440 445 

<210> 81 ,• 
<211> 1344 
■<212> DNA 

<2]3> Brevibacteriun) lacloferDieritUiD 
<220> 

<221> CDS ■ 

<222> (1). . (1341) : 
<400> 81 

atg aca gtt gat gag cag , gtc tc t aac tat tac gac atg ctt ctg aag 48 
Mel. Thr Val Asp Glu Gin Val. Ser Asn Tyr Tyr Asp-Met Leuaeu Lys 

I 5 10 15 

cgc aat get ggc gag cct gaa ttl. cac cag gca gtg gca gag gtt ttg , 96 , 
Arg Asn Ala Gly Glu Pro Glu Phe His Gin Ala Val Ala Glu Val Leu 

. .20 . 25 30 . 

gaa let" t tg aag.atc gtc ctg gaa aag gac .ect cat tac get gat tac - 144 
Glu Ser Leu Lys He Val Leu Glu Lys Asp Pro His Tyr Ala Asp Tyr 

35 40 45 

ggt etc ate cag cgc. ctg tgc gag cc t gag cgt cag etc ate t tc egt 192 
Gly Leu He Gin Arg Leu Cys Glu Pro Glu Arg Gin Leu He Phe Arg 

50 . ; 55 ... . -60 

gtg cct tgg gtt.gal gac cag ggc cag gtc cac gte aac cgt ggt ttc 240, 
Val Pro Trp Val Asp Asp Gin Gly Gin Val His Val Asn Arg Gly Phe 
65 .70 . 75 .. 80 

■*5' Cgc gtg cag ttc aac tct gca ctt gga oca tac aag ggc ggc ctg cgc 288 

Arg Val Gin Phe Asn Ser Ala Leu Gly Pro Tyr Lys Gly Gly Leu Arg 

. 85 * 90 95 . 

ttc cac cca . tc t gla aac ctg ggc at I gtg aag tic ctg ggc 1 1 l.'gag 336 
^° Phe His Pro. Ser Val Asn Leu Gly He Val Lys Phe Leu Gly Phe Glu 

100 105 1 10 

cag ate ttl aaa aac tec cla ace ggc ctg, cca ate ggt. ggt ggc. aag 384 
-i.- - ..JGln He Phe Lys. Asn Ser Leji Thr Gly_Leu Pro lie Gly Gly Gly Lys 
^p" ' 115 120. , " . . ." r25 ' . ' 



20 



25 



30 



35 



40 
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ggt gga Icc gac Itc gac ccl aag ggc aag tec gal ctg gaa ate alg 432 
Gly Cly Ser Asp Phe Asp Pro Lys Gly Lys Ser Asp Leu Glu He Mel 
5 130 135 140 

cgl lie -tgc cag lec tic alg acc gag cig cae cgc eae ale ggl gag 480 
Arg Phe Cys Gin Ser Phe Mef Thr Glu Leu His Arg His He Gly Glu 
145 150 155 160 

,0 lac cgc gac git cct gca ggl gac ate gga gtt ggl gge cgc gag ale ■ 528 

Tyr Arg Asp Vai Pro Ala Gly Asp He Gly Val Gly Gly Arg Glu He 

, 165 170 175 

ggl lac. ctg ttl ggc cae lac cgt cgc alg get aac cag cac gag Ice 576 
15 Gly Tyr Leu Phe Gly His Tyr Arg Arg Mel Ala Asn Gin His Glu Ser 

180 185 190 

ggc git tig acc ggt aag ggc clg acc tgg. ggt gga tec ctg gtc cgc 624 
Gly Val Leu Thr Gly Lys Gly Leu Thr Trp Gly Gly Ser Leu Val Arg 
20 195 '200 205 

acc gag ge.a act ggc tac ggc tgc git tac tic gtg agt gaa atg ate 672 
Thr Glu Ala Thr Gly Tyr Gly Cys Va! Tyr Phe Val Ser Glu Met He 
210 215 220 

^5 aag get aag ggc gag age ale age ggc cag aag ate. ate gtt tec ggt 720' 

Lys Ala Lys Gly Glu Ser He Ser Gly Gin Lys He He Va! Ser Gly 
225 '230 235 240 ' ' 

tec ggc aac gta gca acc tac gcg att gaa aag get cag gaa etc gge 768 
^ Ser Gly Asn Val Ala Thr Tyr Ala He Glu Lys Ala GlnGlu Leu Gly 

■ ■ 245 •■ ■ 250 255 

gca acc gtt att, ggl lie tee gat Ice age ggt tgg gtt cat acc cct 816 
Ala Thr Val He Gly Phe Ser Asp Ser Ser Gly Trp Val His Thr Pro 

260 • 265 270 , 

aac ggc git gac gtg get aag etc cgc gaa ate aag gaa gtt cgc cgc 864 
Asn Gly Val Asp Val Ala Lys Leu Arg Glu He Lys Glu Val Arg Arg " * 
275 280 285' 

40 ' 

gca cgc gta tec gtg lac gcc gac gaa att gaa ggc gca acc tac cac 912 
— --AI:a:J^gJa-l:^Se:i^a:|^ 

290 ■ 295 " ■ 300 ■ ' 

acc gac ggl Icc ale tgg gat etc aag tgc gat ale gel ctl cct Igt 960 
Thr Asp Gly Ser He Trp Asp Leu Lys Cys Asp He Ala Leu Pro Cys 
305 ; 310 315 ' 320 

gca act cag aac gag etc aac ggc gag aac get aag act ctt gca gac 1008 
so Ala Thr Gin Asn Glu Leu Asn Gly Glu Asn Ala Lys Thr Leu Ala Asp 
' 325 ■ 330 335 

aac ggc tgc cgt tic gtt get gaa ggc gcg aac atg cct tec acc cct 1056 
Asn Gly' Cys Arg Phe Val Ala Glu Gly Ala Asn Met Pro Ser Thr. Pro ' 
55 • 340 ' ' / 345 ' . ' ' 350 ' ^ 

• gag get gtt gag gtc ttc cgl gag cgc gac ate cgc tic gga cea gge . 1104 
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Glu Ala Val Glu Val Phe Arg Glu Arg Asp, lie Arg Phe Gly Pro Gly 



15 







0 Q U 








.360 










365 












gca 


gc t 


a a p 

a d tr 


err t 


ggt 


ggc gtt 


gca 


acc 


tec 


get 


ctg 


gag 


a Ig 


cag 


1152 


Lys 


Ala 

*j 7 n 


Ala 


Asn 


Ala 


Gly 


Gly Val 
375 


Ala 


Thr 


Ser 


Ala 

.380 


Leu 


Glu 


Met 


Gin 




cag 


aac 


gc I 


icg 


par 


gal 


tec tgg 




lie 


£a£ 


I ac 


acc 


gac 


gag 


cgc 


1200 


Gin 


Asn 


Ala 


Ser 


Arg 


Asp Ser Trp 


Ser 


Phe 


Glu 


Tyr 


Thr 


Asp 


Glu 


Arg 














390 








395 










400 




C t C 


cag 


gig 


d I t 


dig 


aag 


aac ate 


I i V/ 




acc 


tgt 


gca 


RaR 


acc 


gca 


1248 


Leu 


Gin 


Val 


,1 1 e 


Met 

4Ub 


Lys 


Asn, lie 


Phe 


Lys 
A 1 n 

4 1 u 


Thr 


Cys 


Ala 


Glu 


Thr 
di ^ 

*x 1 J 


Ala 




gca 


gag 


tat 


gga 


cac 


gag 


aac gat 


tac 


gtt 


gtc 


ggc 


got 


aac 


att 


get 


1296 


Ala 


Glu 


Tyr 


Gly 
420 


His 


Glu 


Asn Asp 


Tyr 
425 


Val 


Val 


Gly 


Ala 


Asn 
430 


He 


Ala 




ggc 


t tt 


aag 


aag 


gta 


gel 


gac gcg 


atg 


ctg 


gca cag 


ggc 


gtc 


ate 


taa 


1344 


Gly 


Phe. 


Lys 
435 


Lys 


Val 


Ala 


Asp Ala 
440 


Met 


Leu 


Ala 


Gin 


Gly 
445 


Val 


1 1 e 







25 <210> 82 

<211> 447 . . 

<212> PRT 

<213> Brevibaeterium lactofermentuni 

30 

<400> 82 

Met Thr Val Asp Glu Gin Yal Ser Asn Tyr Tyr Asp Met Leu Leu Lys 
1 5 .10 15 

35 Arg Asn Ala Gly Glu Pro Glu Phe His Gin Ala Val Ala Glu Val Leu 

20 . . 25 30 

Glu Ser Leu Lys lie Val -Leu Glu Lys Asp Pro His Tyr Ala Asp Tyr 

35 ,40 45 

Gly Leu He Gin Arg Leu Cys Glu Pro Glu Arg Gin Leu Me Phe Arg 
50 ■ • . , 55 60 . • 

Val Pro Trp Val Asp Asp GlnGly Gin Val His Val Asn Arg Gly Phe 
65 . 70 , 75 ^ .80 

Arg Val Gin Phe Asn Ser Ala Leu Gly Pro Tyr Lys Gly Gly Leu Arg 

85 90 95 

Phe His Pro Ser Val Asn Leu Gly lie Val Lys Phe Leu Gly Phe Glu 
. 100 , 105 110 

^° Gin He Phe Lys Asn Ser Leu Thr Gly Leu Pro lie Gly Gly Gly Lys 
115 120 125 

Gly Gly Ser Asp Phe Asp Pro, Lys Gly Lys Ser Asp Leu Glu He Met 

^- 130- - - .. - -,- 1-35- 1-40 _ 

Arg Phe Cys Gin Ser Phe Met Thr Glu Leu His Arg His He Gly Glu 
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15 



25 



145 150 155 160 

Tyr Arg Asp Val Pro Ala Gly Asp He Gly Vai Gly Gly Arg Glu lie 

165 170 175 

Gly Tyr Leu Phe Gly His Tyr Arg Afg Mel Ala Asn Gin His Glu Ser 

180 185 190 

Gly Yal Leu Thr Gly Lys Gly Leu Thr Tro Gly Gly Ser Leu Val Arg 

195 200 . 205 

Thr Glu Ala Thr Gly Tyr Gly Cys Val Tyr Phe Val Ser Glu Met He 

210 215 220 

Lys Ala Lys Gly Glu Ser lie Ser tly Gin Lys He He Val Ser Gly 
225 230 235 240 

Ser Gly Asn Val Ala Thr Tyr Ala He Glu Lys Ala Cln.Glu Leu Gly 

245 250 255 

Ala Thr Val He Gly Phe Ser Asp Ser Ser Gly Trp Val His Thr Pro 

260 265 270 

Asn Gly Yal Asp Val Ala Lys Leu Arg Glu He Lys Glu Val Arg Arg 

. 275 280 . 285 

Ala Arg Yal Ser Val Tyr Ala Asp Glu He Glu Gly Ala Thr Tyr His 

290 . . 295 300 

Thr Asp Gly Ser He Trp Asp Leu Lys Cys Asp He Ala Leu Pro Cys 
305 310 315 320 

Ala Thr Gin Asn Glu Leu Asn Gly Glu Asn Ala Lys Thr Leu Ala Asp 
30 325 330 335 

Asn Gly Cys Arg Phe Val Ala Glu Gly Ala Asn Mel Pro Ser Thr Pro 

340 345 350 ; 

Glu Ala Val Glu Yal Phe Arg Glu Arg Asp He Arg Phe Gly Pro Gly 
35 355 • 360 • • 365 

Lys Ala Ala Asn Ala Gly Gly Val Ala Thr Ser Ala Leu Glu Met Gin 

370 -375 380 

Gin Asn Ala Ser Arg Asp Ser Trp Ser Phe Glu Tyr Thr Asp Glu Arg 
385 . 390 . 395 400 

__^-Leu J.Ln^Va.l.-^]J e-.Me l^^Lys. Asn^l-L 

: 405 410 415 

Ala Glu Tyr Gly His Glu Asn Asp Tyr Val Val Gly Ala Asn lie Ala 

420 425 430 ■ . 

Gly Phe Lys Lys Val Ala Asp Ala Mel Leu Ala Gin Gly Val, He 
435 440 , .■ 445. 

<210> 83 ■ ■ 

<21 1> 20 

<212> DNA ■ , ' • ■ ■ 



40 



55 



<21 3> Ar I i f icial Sequence 
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<220> 

5 amplifying gltA gene 

<220> 

<221> misc_feature 
'0 <222> (9) 

<223> n=inosine 

<400> 83 

aagatcaent acatcgaygg 

<210> 84 - 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

25 

<220> 

<223> Description of Artificial Sequence:priffier for 
ampl i fying gl tA gene 

30 

<400> 84 

tagaagtcta cgttcgggia 

<210> 85 , 
<21.1> 21 
<212> DNA 

40 - 

<213> Artificial Sequence 
<220> 

4s <223> Description of Artificial Sequence-.primer for 
ampl i fying gl lA gene 

<400> 85 

5o' • gtcgacaata, gcctgaalct g. , . , 

<210> 86 

- <2.1 1>.21 , . .. _ _ 

. <212> DNA 



20 



3NSDOCID: <EP_^1219712A1_I_> 



142 



EP 1 219 712"At : 



<213) Arti f icial Sequence 

<220> ■ 
^ <223> Descript ion of Artificial Sequencetprimer for 

ampl ifylDg gl lA gene 

<400> 86 

cggtggaacc ggtgctgaca ,t 21 

<2I0> 87 
,5 <211> 21 

<212> DNA 

<2I3> Artificial Sequence 

. <220> . :. ' > ! 

<223> Descript ion of Artificial Sequencetprimer for 
ampl i fying gltA gene 

<400> 87 ' : 

gggtgggga aitcggtcatg t 21 

30 <210> 88 

<211> 21 

<2I2> DNA . ■ . : 

35 . <213> Artificial Sequence 
<220> . 

<223> Description of Artificial Sequencerprimer for 

40 

ampl i fying gl tA gene 



<400> 88 

Iglcglagcc gcggtagcgc a, 21 

<210> 89 • ■ 

<211> 1293 
<212> DNA 

<213> Corynebaclerium thermoaminogenes 

<220> - 
<221> CDS 

<222> (1).. (1290) . 
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15 



<400> 89 . . . _ 

gtg gel tct gal aac aac aag get gta ctg cac tac eel ggc ggc gaa 48 
^ Val Ala Ser Asp Asn Asn Lys Ala Val Leu His Tyr Pro Gly Gly Glu 

1 5 . 10 . ,15' - 

itc gag atg ggc ate aag cag gee. ace gag ggt aac tec ggt gtc ate 96 
Phe Glu Met Gly Me Lys Gin Ala Thr Glu Gly Asn- Ser Gly Val He 

20 . 25 ; 30-; 

ctg ggt aag atg ctg teg gaa acc ggt ctg gtc acc ttc gac ccc ggt 144 
Leu Gly Lys Met Leu Ser Glu Thr Gly Leu Val Thr Phe Asp Pro Gly 
35 . 40 . 45 . 

' tat gtc age acc ggt tec acc gaa tec aag ate acc tac ate gat ggt 192 
Tyr Val Ser Thr Gly Ser Thr Glu Ser Lys lie Thr Tyr lie Asp Gly 
.' 50 55 60 

gat gca gge ate.etg cgc tac egc ggc tac gac att gcg gat ctg gee 240 
Asp Ala Gly lie Leu Arg Tyr Arg Gly Tyr Asp He Ala Asp Leu Ala 

65 TO, 75 . 80 ' 

gaa aat gee aec ttc aat gag gtc Ice lac etc ctg ate aag ggt gag , 288 
Glu Asn Ala Thr Phe Asn Glu Val Ser Tyr Leu Leu He Lys Gly Glu 

85 90, 95 

etc ccg ace ecg gaa gag etc cac aag ttc aac gac gag att cgt eac 336 
Leu Pro Thr Pro Glu Glu Leu His Lys Phe Asn Asp Glu He Arg His 

100 105 . 110 

cac acc ctg ctg gac gag gac ttc aag tec cag ttc aat gte ttc cct 384 
His Thr Leu Leu Asp Glu Asp Phe Lys Ser. Gin Phe Asn Val Phe Pro 

.il5_ . 120 1 25 

cgc gat gcc. cac ecg , atg gee aec ctg gee tec leg gtt. aac ate etc 432 
Arg Asp Ala.His Pro Met Ala Thr Leu Ala Ser Ser Val Asn He Leu 

130 ^ 135 140 

tec acc tac tac cag gat cag ctg gat ccc ctg gat gag get eag ctg 
^0 Ser Thr Tyr Tyr Glh Asp Gin Leu Asp Pro Leu Asp Glu Ala Gin Leu 

145 : , ■ 150 155 160. 

gac aag gca acc gtc egc ctg atg gcg aag gtt.eeg.atg ctggcl gea 
Asp Lys Ala Thr Val Arg Leu Met Ala Lys Val Pro Mel Leu Ala Ala 
•>? 165 : ITO 175 

tac gea cac cgt gee cgc aag ggt gcg ccg tac atg tac ccg gac aac • 576. 
Tyr Ala His Arg Ala Arg Lys Gly Ala Pro Tyr Mel Tyr Pro Asp Asn 

180 185 . 190 ~ • . 

^° tec etc aat gcc cgt gag aac ttcclg cgc alg atg tic ggt tac ccg 624 

Ser Leu Asn Ala Arg Glu Asn Phe Leu Arg Mel Mel Phe Gly Tyr Pro 
195 200 ' 205 

- -aec gag -ccg- lac gag gt t- ga t ecg a le- at g gt e aaa. gee- c tx -gac- aag . _672 
Thr Glu Pro Tyr Glu Val Asp Pro He Mel Val Lys Ala Leu Asp Lys 



25 



30 



35 



55 



480 



528 
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10 



25 



30 



35 



40 



45 



50 



210 

ctg etc ate ctg 
Leu Leu He Leu 
225 

gtc cgc a.tg ate 
Val Arg Met He 



cac gca 
His Ala 
230 



ggc ggc 
Gly Gly 

get gtc 
Ala Val 

ace gac 
Thr Asp 
, 290 
atg ggc 
Met Gly 
305 

ate gtc 
He Val 

oca cig 
Pro Leu 

gat tac 
Asp Tyr 

ggc ctg 
Gly Leu 
370 

^cig -ate- 
Leu Phe. 
385 

cag etc 
Gin Leu. 



ale aac 
He Asn 
260 
etc gag 
Leu Glu 
275/ 
tie atg 
Phe Met 

ttc gga 
Phe Gly 

aag gac 
Lys. Asp 

ctg gat 
Leu Asp 
. 340 
ttc ate 
Phe He 
355 

ate tac 
He Tyr 



ggc Ice 
Gly Ser 
245 < 
gca etc 



Ala Leu 

atg etc 
Met Leu 

aac cgc 
Asn Arg 

cac cgc 
•His Arg 
310 
acc gee 
Thr Ala 
325 

ctg get 
Leu Ala 

tec cgc 
Ser Arg 

cgc gee 
Arg Ala 



.gCjCr:^a.l;C, 
Ala He 



gee gat 
Ala Asp 



ace ggt gag ace 
Thr Gly Glu Thr 

'420 



rgge-cgG, 
Gly Arg 
. 390 
ccg ggc 
Pro Gly 
405 

gca cgc 
Ala Arg. 



215 

gac cac 
Asp His 

geg cag 
Ala Gin 

tec ggc 
Ser Gly 

gag gag 
Glu Glu 
280 
gtg aag 
Val Lys, 
295 

gtc tac 
Val Tyr 

eac gag 
His Glu 

etc aag 
Leu Lys 

aag ctg 
Lys Leu 
360 
atg ggc 
Met Gly 
375 

:C.Le:^G:Cg. 

Leu Pro 



gag cag 
Glu Gin 

gcg. aac 
Ala Asn 
250 
ccg ctg 
Pro Leu 
265 

ale gca 
He Ala 

aac aag 
Asn Lys 

aag aac 
Lys Asn 

ate etc 
He Leu 
330 
ctg gaa 
Leu Glu 
345 

tac ccg 
Tyr Pro 



220 

aac tge tec acc 
Asn Cys Ser Thr 
235 

atg ttc. gtc tee 
Met Phe Val Ser 



cac ggt 
His Gly 

gee aac 
Ala Asn 

gag aag 
Glu LyS' 
300 
tac gat 
Tyr Asp 

315^ 

gag cac 
Ciu His 

gaa ate 
Glu He 



aac gtg 
Asn Val 



ttc ccg 
Phe Pro 

^gge^tgg. 
Gly Trp 



gee aag 
Ala Lys 

aag ate 
Lys He 



ale aac 
He Asn 
410 
ate cec 
He Pro 
425 



a eg gac 
Thr Asp 
380 

=a4:c==gce^ 
■He Ala 
395 

Ggt CCt 

Arg Pro 



ggc gee 
Gly Ala 
270' 
ggc ggc 
Gly Gly 
285 ' 
ggt gtc 
Gly Val 

ccg cgt 
Pro Arg 

etc ggt 
Leu Gly 

gca etc 
Ala Leu 
,350 
gac ttc 
Asp Phe 
365 

ttc tic 
Phe Phe 

^cac^t^ae- 
His Tyr 

cgc cag 
Arg Gin 



cgc gaa gag cgc 
Arg Glu Glu Afg 
430 



tec act 
Ser Thr 
240 
ate gee 
He Ala 
255 

aac cag 
Asn Gin 

gac gca 
Asp Ala 

cgc etc 
Arg Leu 

gca gee 
Ala Ala 
320 
ggc gac 
Gly- Asp. 
335 

aac gac 
Asn Asp 

lac acc 
Tyr Thr 

acc gtc 
Thr Val 

^e-ge^gag^ 
Arg Glu 
400 
ate tac 
He Tyr . 
415 ; 
•tag 



720 



768 



816 



864 



912 



960 



1008 



1056 



1104 



1152 



-1400- 



1248 



1293 



<210> 90 
<211> 430 



145 

>JSD0CID:<EP 1219712AlJ_> 



EP 1 219 712 A1 



<212> PRT 

<?n> r.nrvneba cter ium thermoaminogenes 
<400> 90 

Val Ala Ser Asp Asn Asn Lys Ala Val Leu His Tyr Pro Gly Gly Glu 
1 5 10' 15 ■ ■ 

Phe Glu Met Gly He Lys Gin Ala Thr Glu Gly Asn Ser Gly Val He 

20 . ■ 25 : \ 30 

Leu Gly Lys Mel Leu Ser Glu Thr Gly Leu Val Thr Phe.Asp Pro Gly 

35 40 ,45 

Tyr Val Ser Thr Gly Ser Thr Glu Ser Lys lie. Thr Tyr lie Asp Gly 

50 • . 55 , - ■ .60 ■ • 

Asp Ala Gly lie Leu Arg Tyr Arg Gly Tyr Asp lie Ala Asp Leu Ala 
65 70 75 80 

Glu Asn Ala Thr Phe Asn Glu Vat Ser Tyr Leu Leu He Lys Gly Glu 

85 90 95 

Leu Pro Thr Pro Glu Glu Leu His Lys. Phe Asn Asp Glu He Arg His 

: 100 105 110 

His Thr Leu Leu Asp Glu Asp Phe Lys Ser Gin Phe Asn Val Phe. Pro 

115.. 120 ■125 . 

Arg Asp Ala His Pro Met Ala Thr.Leu Ala Ser Ser Val Asn lie Leu . 

130 135 140 

Ser Thr Tyr Tyr Gin Asp Gin Leu Asp, Pro Leu Asp Glu Ala Gin Leu 
145 150 155 160 

Asp Lys Ala Thr Val Arg Leu Mel Ala Lys Val Pro Met- Leu Ala Ala 

165 170 175 

Tyr Ala His. Arg Ala Arg Lys. Gly Al a, Pro Tyr Met Tyr Pro Asp. Asn 

180 185 190 

Ser Leu Asn Ala Arg Glu Asn Phe Leu Arg Met Mel Phe Gly Tyr Pro 

195 . 200 205 

Thr Glu Pro Tyr Glu Val Asp Pro He Mel Val Lys Ala Leu Asp Lys 

210 215 220 

leu Leu He Leu His Ala Asp His Glu Gin Asn Cys Ser Thr Ser Thr 
225 230 235 240: 

Val. Arg Met lie G!y Ser Ala Gin Ala Asn Met Phe Val Ser lie Ala 

245 250 - • ' 255 ' 

Gly Gly He Asn Ala Leu Ser Gly Pro Leu His Gly Gly Ala Asn Gin 

260 265 270 

Ala Val Leu Glu Mel Leu Glu Glu He Ala Ala Asn Gly Gly Asp Ala 

275 ■ 280 285 

Thr Asp Phe Met Asn Arg Val Lys Asn Lys Glu Lys Gly Val Arg Leu 

- - -290 - - 295^ - - - -^-i SOO, -wl _^ _ : _ 

Mel Gly Phe Gly His Arg Val Tyr Lys Asn Tyr Asp Pro Arg Ala Ala 
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305 310 315 320 

lie Val Lys Asp Thr Ala His Glu lie Leu Glu His Leu Gly Gly Asp 

325 . 330 335 

Pro Leu Leu Asp Leu. Ala Leu Lys Leu Glu Glu He Ala Leu Asn Asp 
340 ,, 345. . 350 

Asp Tyr Phe. lie Ser Arg Lys Leu: Tyr Pro Asn Val Asp Phe Tyr Thr • 

355 , . . 350 365 . ^ . ^ . 

Gly Leu lie Tyr Arg Ala Met Gly Phe Pro Thr Asp Phe Phe Thr Val 
370 ■ 375 , -380' . 

Leu Phe Ala He Gly Arg Leu Pro Gly Trp lie Ala His Tyr Arg Glu 

,5 385 ■ 390 . 395. , 4OO 

Gin Leu Ala Asp Pro Gly Ala Lys lie Asn Arg Pro. Arg Gin lie Tyr • 

405 . 410 .4)5 , 

Thr Gly Glu Thr Ala Arg Lys lie lie Pro Arg Glu Glu Arg 

20 . 420 , . 425 . 430 , • , . 

<210> 91 
<211> 1314 

25 ; <212> DNA . . ■ . .. .; , •■ / ' .,■ . ' 

<2!3> Brevibaclerium lactofermenluin 

■' ■ , <220> ;■ : ' ' ■ ' " ' ' ' 

30 <221> CDS . , , . .. 

<222> (1). . (1311) , ■ . . . ■ ' . - 

<400> 91 ' -; ' \ ■ . ■ ' ' "- 

35 atg lit gaa. agg.gal ale gtg get act .gal aac aac aag get glc ctg 48 s, 

Met Phe Glu Arg Asp He Val Ala Thr Asp Asn Asn Lys Ala Val Leu ' ' * 

^ . ■ ■ ■ - 5, : ■ . ■ . . lo'- . . - ; ... .-^ 

cac tac ccc ggt ggc gag tic gaa atg gac ate atc'gag get tct gag 96 
'0 His Tyr Pro Gly Gly Glu Phe Glu Mel Asp lle He Glu Ala Ser- Glu 

^ ^0 25 ,1 3fl,^-,_^ ^^ : 

ggt aae aae ggt git glc clg ggc aag atg ctg. let gag aet gga cig -144. 
Gly Asn Asn Gly Val Val Leu Gly Lys Mel Leu Ser, Glu Thr Cly Leu 

35 , , , , 40 , , . ... . 45 ' 

ate act lit gaecca ggt tat gig age ael ggc tec ace gag teg aag 192 . 
He Thr Phe.Asp^Pro Gly Tyr Val Ser Thr Gly Ser Thr Glu Ser Lys 
50 ■ .55 60 ■ , . 

ale ace lac ate gat ggc .gat gcg gga ate clg egt tac cgc ggc ,lat 240. ' 
He Thr Tyr He Asp Gly Asp Ala Gly He Leu. Arg Tyr Arg Gly Tyr 

.. : ■ . ■■ ■'. 75. , .... .80. . - 

gac ate gel gat etg get gag aal gee ace tic aae gag gli icl lac 288 
Asp He Ala..Asp Leu Ala Glu Asn Ala Thr Phe. Asn Glu Val Ser Tyr . 
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528 



576 



■ g5, . • 90 . . 95 , . : 

eta ctt ate aac ggt gaa cla cca acc cca gat gag ctt. cac aag ttt • 336 
Leu Leu lie Asn Gly Glu Leu Pro T]n^PTo~Asp~G'lirLW"HiT^LTs-Ph-e 
5 100 105 . • 1 10 

aac gac gag atl cgc cac cac acc: ct t ctg gac gag gac . t ic aag tec 384 
Asn Asp Glu He Arg His His Thr Leu Leu Asp.Glu Asp Phe Lys Ser 
115 . 120 .125 

'° cag ttc aac gtg ttc cca cgc gac get cac, cca atg gca acc llg get ,432 

Gin Phe Asn Yal Phe Pro Arg Asp Ala His Pro Met Ala" Thr Leu Ala 

130 - : 135 . ■ ■■ 140 

tec teg gtt. aac atttlg tct acctac tac.eaggat cag ctg aac cca 480 
Ser Ser Val Asn He Leu Ser Thr Tyr Tyr Gin Asp Gin Leu Asn Pro 
145 : 150 155 160 

etc gat gag gca cag ctt gat aag gca acc gtt cgc etc atg gca aag 
Leu Asp Glu Ala Gin Leu Asp Lys Ala Thr Val Arg Leu Mel Ala Lys 

165 - 170 175 

gtt cca atg ctg get gcg tac gca cac cgc gca. cgc aag ggt gct.cet 
Val Pro Met Leu Ala Ala Tyr Ala His Arg Ala Arg Lys Gly Ala Pro 

180 - • 185 190 

tac atg tac cca gac aac tec clc aac gcg cgl gag aac ttc ctg cgc 624 
Tyr Met Tyr Pro Asp Asn Ser Leu Asn Al a Arg Glu Asn Phe Leu Arg 

195 200 205 

atg atg ttc ggt tac cca acc gag cca tac gag ate gac cca ate atg 672 
Met Met Phe Gly Tyr Pro Thr Glu Pro Tyr Glu lie Asp Pro He Met • 

210 215 220 

gle aag get clg gac aag ctg etc ale ctg cac get gac cac gag cag 720 
Val Lys Ala Leu Asp Lys Leu Leu lie Leu His Ala Asp His Glu Gin' 
225 230 235 240 

aac tge tec acc tee ace gtt cgt atg ate ggt tec gca . cag gcc aac .768 
Asn Cys Ser Thr Ser Thr Val ArgMet lie Gly Ser Ala Gin Ala Asn 
■ V 245 ■ 250 • . 255 _ 

atg ttt gtc tec ale get ggt ggc ate aac gel ctg Ice ggc cca ctg 816 
Met Phe Val Ser He Ala Gly Gly lie Asn Ala Leu Ser Gly Pro Leu 

260 265 270 

cac ggt ggc gca aac cag gel gtt ctg gag atg etc gaa gac ate aag 
His Gly Gly Ala Asn Gin Ala Val Leu Glu Met Leu Glu Asp lie Lys 

275 280 285 

aac aac cac ggt ggc gac gca ace gcg ttc atg aac aag. gtc aag aac 912 
'° Asn Asn His Gly Gly Asp Ala Thr Ala Phe Met Asn Lys Val Lys Asn 

290 " 295 ' 300 ' 

■ aag gaa gac ggc gic cgc etc atg ggc tic gga cac cgc gtt lac aag 960 

. Lys -Gl u -Asp Gly Va-l-Arg Leu- Mel._Gl yJ.Phe.tly. Hi siArg Val Jyr ly_s_ _ i :y 

. 305 ' ■■ 310 315 320 



15 



20 



25 



30 



35 



40 



864 
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aac tac gal cca. cgl gca gca ale gtt aag gag acc gca cac gag aic 1008 
Asn Tyr Asp Pro Arg Ala Ala lie Va! Lys Glu Thr Ala His Glu He 

325 330 , 335 

etc gag cac etc ggt ggc gac gal ctl clg gal clg gca ate aag ctg 1056 
Leu Glu His Leu Cly Gly Asp Asp Leu Leu Asp Leu Ala He Lys Leu 
340 . 345 ' 350 > 

gaa gaa at t gca clg get gat gat tac lie ate tec cgc aag etc tac 1104 
Glu Glu He Ala Leu Ala Asp Asp Tyr Phe lie Ser Arg Lys Leu Tyr 

355 360 . 365 ■ 

ccg aac gta gac itc lac acc ggc ctg ale lac cgc gca atg ggc tic 1152 
,5 Pro Asn Val Asp Phe Tyr Thr Gly Leu He Tyr Arg Ala Met Gly Phe 

370 375 380 

cca act gac tie tic acc gta ttg tic gca ate ggt cgl ctg cca gga 1200 
Pro Thr Asp Phe Phe Thr Val Leu Phe Ala He Gly Arg Leu Pro Gly 
20 385 390 , 395 . ,400 

tgg ate get cac tac cgc gag cag etc ggt gca gea ggc aac aag ate 1248 
Trp He Ala His Tyr Arg Glu Gin Leu Gly Ala Ala Gly. Asn.lys He 
405 410 415 

25 aac cgc cca cgc cag gte tac acc ggc aag gaa icc cgc aag ttg gtt 1296 

Asn Arg Pro.Arg Gin Val Tyr Thr. Gly Lys Glu Ser Arg Lys Leu Val 

420 425 430 • 

cct cgc gag gag cgc laa 1314 
30 Pro Arg Glu Glu Arg 

435 . - . , 

<210> 92 ■ . . . . • 

35 <21I> 437 . ... 3 

<212> PRT • 

<2I3> Brevibacter.iuDi lactofermentum . ■>.;■ , 

*° <400> 92 

Met JAe:GJu„Ar.g,Asp. IJeJfaL^ALa-Jhr-As D-Asn-Asn-lv.-i--Ah — 

I • S - . ■ 10- - . ..15- • .. 

His Tyr Pro Gly Gly Giu Phe Glu Mel Asp He He Glu Ala Ser Glu 

■20. 25 . ■ . : 30 . . , - 

Gly Asn Asn Gly Val Val Leu Gly Lys Met Leu Ser Glu Thr Gly Leu - 

35 40 45 

lie Thr Phe: Asp, Pro Gly Tyr Val Ser Thr Gly Ser Thr Glu Ser Lys 

50 .55 60 . . ; ' . : . . 

lie Thr Tyr He Asp Gly Asp Ala Gly Ile Leu Arg Tyr Arg Gly Tyr 
65 70 , , 75 ... 80 

Asp He Ala Asp Leu Ala Glu Asn, Ala- Thr Phe Asn Glu Val Ser Tyr 
85 90 95 
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Leu Leu lie Asn Gly Glu Leu Pro Thr Pro Asp Glu Leu His Lys Phe 

100 105 110 . 

Asn Asp Glu lie Arg His His Thr Leu Leu Asp Glu Asp Phe Lys Ser 
5 , 115 120 125 

Gin Phe Asn Vaf Phe Pro Arg Asp Ala His Pro Met Ala Thr Leu Ala 

130 135 . 140 

Ser Ser Val Asn He Leu Ser Thr Tyr Tyr Gin Asp Gin Leu Asn Pro 

'° 145 150 155 160 

Leu Asp Glu Ala Gin Leu Asp Lys Ala Thr Val Arg Leu Met Ala Lys 

- 165 170 175 

Vai Pro Mel Leu Ala Ala Tyr Ala His Arg Ala Arg Lys Gly Ala Pro 

180 185 190 

Tyr Mel Tyr Pro Asp Asn Ser Leu Asn Ala Arg Glu Asn Phe Leu Arg 

195 200 205 

Met Met Phe Gly Tyr Pro Thr Glu Pro Tyr Glu lie Asp Pro He Met 

210' . ■ 215 220 . 

Val Lys Ala Leu Asp Lys Leu Leu lie Leu His Ala Asp His Glu Gin 
. 225. .230 ■ . 235 240 

Asn Cys Ser Thr Ser Thr Val Arg Met lie Gly Ser Ala:Gln Ala Asri 

245 250 255 

Met Phe Val Ser He Ala Gly Gly He Asn Ala Leu Ser Gly Pro Leu 

260 265 270 

His Gly Gly Ala Asn Gin Ala Val Leu Glu Mel Leu Glu Asp He Lys 

, 275 . 280 285 

Asn Asn His Gly Gly Asp Ala Thr Ala Phe Met Asn Lys Val Lys Asn 

290 295 300 

Lys Glu Asp'Gly Val Arg Leu Met Gly Phe Gly His Arg Val Tyr Lys 
305 310 315 320 

Asn Tyr Asp Pro Arg Ala Ala He Val Lys Glu Thr Ala His Glu Me 

325 • 330 335 

Leu Glu His Leu Gly Gly Asp Asp Leu Leu Asp Leu Ala He Lys Leu 

340 .345 350 

Glu Glu lie Ala leu Ala Asp Asp Tyr. Phe He Ser Arg Lys Leu Tyr 
355 360 365 

45, Pro Asn Val Asp Phe Tyr Thr Gly Leu He Tyr Arg Ala Mel Gly Phe 

370 375 . : 380 

Pro Thr Asp Phe Phe Thr Val Leu Phe Ala He Gly Arg Leu Pro Gly 
385 390 395 400 

50 jj-p Ala His Tyr Arg; Glu Gin Leu Gly Ala Ala Gly Asn Lys lie 

405 • 410- 415. ^ 

Asn Arg Pro Arg Gin Va! Tyr Thr Gly Lys Glu Ser Arg Lys Leu Val 

.v;.^ ..:4.2o.. ji^^: .. I _.43o_;. 

Pro Arg Glu Glu Arg 
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<210> 93 
<211> 1656 
<212> DNA 

<213> Corynebacterium thermoaminogenes* 

<220> 
<221> CDS 

<222> (309).. (1 595) 



<400> 93 ^ 

acgcccgalt cttcaacact atcgaagagg tcccaaccca cgcgltgacc cagggctlgg 60 
gtactttgtc ccgcgcgcaa aatalcgtgt tggtggcaac tggccaagga aaagcagaca 120 
gccalccgcg gaactgtgga aggtccagtg actgcttclt gcccaggllc caltclgcaa 180. 
algcacaaca acgccaccat catcgllgat gaagcagcag calccaagct gaaaaatgct 240 
gaccaltacc gtctcatgga gcaatlaaag ctgcgctaga aacaaaaagg aaagtaclgt 300 
glggggcl alg cac aca gaa clt tec agt tig cgc ccl gcg lac cat gig 350 
Met His Thr Glu Leu Ser Ser Leu Arg Pro Ala Tyr His Va! 
1 5 MO 

act cct ccg cag ggc aga etc aat gat ccc aat gga alg tac gtc gal 398 
Thr Pro Pro Gin Gly Arg Leu Asn Asp Pro Asn Gly Met Tyr Yal Asp 
15 20 25 30 

gga gat ace etc cac glc tac tac cag cac gat cca ggt tic ccc ttc 446 
Gly Asp Thr Leu His Val Tyr Tyr Gin His Asp Pro Gly Phe Pro Phe 
35 40 45 

35 gca cca aag cgc acc ggt tgg get cac ace acc aeg ccg ttg ace gga 494 
Ala Pro Lys Arg Thr Gly Trp Ala His Thr Thr Thr Pro Leu Thr Gly 

50 55 . 60 

ccg cag cga ttg cag Igg aeg cac ctg ccc gat gel clt tac ccg gal 542 
40 Pro Gin Arg Leu Gin Trp Thr His Leu Pro Asp Ala Leu Tyr Pro Asp 

^-.^-fiF 70. ^ : 75 ^ ^- 



gta tec tat gac ctg gat gga tgc tat tec ggc gga gee gta III let 590 

Val Ser Tyr Asp Leu Asp Gly Cys Tyr Ser Gly Gly Ala Val Phe Ser 

^5 80 85 90 

gac ggc aeg ctt aaa clt tic lac acc ggc aac cga aaa all gac ggc 638 

Asp Gly Thr Leu Lys Leu Phe Tyr Thr Gly Asn Arg Lys He Asp Gly 

95 100 105 110 

aag cgc cgc gcc acc caa aac etc glc gaa gtc gag gac cca acl ggg 686 

Lys Arg Arg Ala Thr Gin Asn Leu Val Glu Val Glu Asp Pro Thr Gly 

115 120 125 . 

ctg atg ggc ggc alt' eat cgc cgc teg cel. aaa aai ccg ctl ate gac 734 

Leu Met Gly Gly He His Arg Arg Ser Pro Lys Asn Pro Leu, He Asp 
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130. 135 140 

gga ccc gcc age ggt 1 1 1 ace ccc cac ta c cgc gat ccc atg ate aec . 78 2 

Gly Pro Ala Ser Gly Phe Thr Pro His Tyr Arg Asp Pro Met lie Ser 

^ 145 150 155: 

cct gat ggg gat ggt tgg aag atg gtt ctt ggg get cag cgc gaa aac 830 

Pro Asp Gly Asp Gly Trp Lys Met Val Leu Gly Ala Gin Arg Glu Asn 

160 165 170 

etc acc ggt gea gcg gtt eta tac cgc teg gea gat ctt gaa aac tgg 878 

Leu Thr Gly Ala Ala Val Leu Tyr Arg Ser Ala Asp Leu Glu Asn Trp 

. 175 180 185 190 . 

gaa ttc tec ggt gaa ate acc ttt gac etc age gac gea caa cct ggt 926 

Glu Phe Ser Gly Glu He Thr Phe Asp Leu Ser Asp Ala Gin Pro Gly 

' ' 195 ■ 200 205 

tct gcc ect gat etc gtt, cct ggc ggc tac atg tgg gaa tgc ccc aac 974 

,0 Ser Ala Pro Asp Leu Val Pro Gly Gly Tyr Met Trp Glu Cys Pro Asn 

210 215 220 

ctt ttt acg ctt cgc gat gaa aaa accggc gaa gac etc gat gtg clg 1022 

Leu Phe Thr Leu Arg Asp Glu Lys Thr Gly Glu Asp Leu Asp Val Leu 

25 225. 230 r 235 

alt ttc tgt cca caa gga ttg gac cgt ate gat gat gag gtt act. cac 1070 

Me Phe Cys Pro Gin Gly Leu Asp Arg He Asp Asp Glu Val Thr His • 

240 245 250 

30 tac gea age tct gac cag tgc gga tat gtc gtc ggc aag ctt gaa gaa 1 118 

Tyr Ala Ser Ser Asp Gin Cys Gly Tyr Val Val Gly Lys Leu Glu Glu 

255 260 265 270 

acg acc ttc cgt gtc ctg: ega gga ttc age gag clg gat ttc ggt eat 1166 

35 Thr Thr Phe Arg Val Leu Arg Gly Phe Ser Glu Leu Asp Phe Gly His 

275 280 . 285 

gaa t to tac gcg ccg cag gt t gea. gtc aac ggl tec gat gcc tgg ctt 1214 

Glu Phe Tyr Ala Pro Gin Val Ala Vai Asn Gly Ser Asp Ala Trp Leu 

40 . 290 295 300 

gig ggc tgg atg gga .1 tg cct gea cag gal gat cac cca aca gl 1 gcg 1262 

Val Gly Trp Met Gly Leu Pro Ala Gin Asp Asp His Pro Thr Val Ala 

305 310 315 

cag gaa gga tgg gig cac tgc clg acc gtt cct cgc agg ctt cat tig 1310 

Gin Glu Gly Trp Val His Cys Leu Thr Val Pro Arg Arg Leu His Leu 

320 325 330 

cgt aac eat gcg ate tat caa gag ctt ctt etc cca gaa ggg gag leg- 1358 

^° Arg Asn His Ala He Tyr Glri Glu Leu Leu Leu Pro Glu Gly Glu Ser 

335 340 - 345 : 35G 

ggg gta act aga tct gta I la ggt let gaa cct gtc cga gia gac ale 1406 

.Gly Val Thr. Arg Ser. Val Leu G.ly Ser.Glu Pro Val Arg Val Asp l ie 

355 360 . 365 
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cga gac aat gtl icc etc gag tgg gat ggt gtc egg ttg tcl gig gat 1454 
Arg Asp Asn Val Ser Leu Glu Trp Asp Gly Val Arg Leu Ser Val Asp 

370 375 ■ 380 . 

cgc gat ggc gat cgt cgl gla gel gaa gla aaa cct ggc gaa tta gtg 1502 
Arg Asp Gly Asp Arg Arg Val Ala Glu Val Lys Pro Gly Glu Leu Val 

385 . 390 395 

ate gcg gac gat aat aca gcg att gag ala aea gca ggt eat ggc cag 1550 
lie Ala Asp Asp, Asn Thr Ala lie Glu He Thr Ala Gly His Gly Gin 

400 405 410 

gtt tec ttc get tic egc ace Itc aaa ggt gac act att gag aga 1595 
Val Ser Phe Ala.Phe Arg Thr Phe Lvs Gly Asp Thr lie Glu Arg 
415 420 425 

taagtcataa aaaagggcct tctgtggcgg altgtacaaa tacttcgcaa aatcccttga 1655 
t ; 1656 

<210> 94 . 
<211> 429 • 
<212> PRT . 

<213> Corynebacterium thermoaniinogenes ^ 

<400> 94 . . -l 

Met His Thr Glu Leu Ser Ser Leu Arg Pro Ala Tyr His Val Thr Pro 

I 5 10 15 

Pro Gin Gly Arg Leu, Asn Asp Pro Asn Gly Met Tyr Val Asp Gly Asp 

20 25 30 

Thr Leu His Va! Tyr Tyr Gin His Asp Pro Gly Phe Pro Phe Al a Pro , ; 

35 40 ; ■ ■ 45 . .. ■ 

Lys Arg Thr Gly Trp Ala His Thr Thr Thr Pro Leu Thr Gly Pro Gin 

50 . • 55 . . ,50 r;, 

Arg Leu Gin Trp Thr His Leu Pro Asp Ala- Leu Tyr Pro Asp Val Ser 

65 ' .70 75 ■. 80 

; ^Tyr, AAP leu... A5p_G.ly„CjsJyj_Se.r_G J.y^ Val Ph,e_.Se.r_Asp,,Gjy__ • 

.■■ . ..85;,'- ■ . ... .95 

Thr Leu Lys Leu Phe Tyr Thr Gly Asn Arg Lys He Asp Gly Lys Arg 
45 1 00. 105 110 

Arg Ala Thr Gl.n Asn Leu Val Glu Val Glu Asp Pro Thr Gly Leu Met • 

115 120 125 

Gly Gly 11 e Hi s Arg Arg Ser Pro Lys Asn Pro Leu He Asp Gly Pro 
so 130 > 135 „; - 140 . , 

Ala Ser Gly. Phe Thr Pro His Tyr Arg Asp Pro Mel He Ser Pro Asp 
145 150 , 155 ■ 160 ^ 

Gly Asp Gly Trp Lys Met Val Leu Gly Ala Gin Arg Glu Asn Leu Thr , 
55 165 170 175 
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■ Gly Ala Ala 


Val 
180 


Leu Tyr Afg Ser 


Ala 
185 


Asp 


Leu Glu Asn 


Trp Gl u 
190 


Phe 




Ser 


Gly 


Glu 


He 


Thr 


Phe 


Asp 


Leu 


. Ser 


Asp 


Ala Gin Pro 


Gly Ser 


Ala 


5. 






195 










200 






.205 








Pro 


Asp 


Leu 


Val 


Pro 


Gly 


Gly Tyr 


Met 


Trp 


Glu Cys Pro 


Asn Leu 


'Phe 






210 










215 








220 






10 


Thr 


Leii 


Arg 


Asp 


Glu 


Lys 


Thr 


Gly 


Glu 


Asp 


Leu Asp Val 


Leu j 1 e 


Phe 




225 










230 










235 




24^ 




Cys 


Pro 


Gin 


Gly 


Leu 


Asp 


Ar g 


Me 


Asp 


Asp 


Glu Val Thr 


His Tyr 


A I a 












245 










250 




255 




'5 


Ser 


Ser 


Asp Gin 


Cys 


Gly 


Tvr 

1 y I 


Val 


Val 


Glv 


Lys Leu Glu Glu Thr 


Thr 

£ 11 1 




















265 






W . 






Phe 


Arg 


Vfl I 


T on 


Arg 


Gly 




Ser 


Glu 


Leu 


Asp Phe Gly HisGlu 


Phe 
























285 






20 


Tyr 


Ala 




ri n 


Val 


Ala 


Val 


Asn 


Glv 


Ser 


Asp Ala Trp 


Leu Val 


Glv 






290 










295 








300 








Trp 


Met 


Gly 


Leu 


Pro 


Ala 


Gin 


Asp 


A ^ n 


His 


Pro Thr Val 


Ala Gin 


Gl u 




305 










310 










315 




320 


25 


Gly 


Trp 


Val 


His 


Cys 


Leu 


Thr 


Val 


Pro 


A r 


Arg Leu His 


Leu Arg 


A ^ n 












325 










330 




335 






His 


Ala 


1 1 e 


Tyr 


Gin 


Glu 


Leu 


Leu 


I Pll 

1^ V U 


Pro 


Glu Gly Glu 


Ser Gly 


Val 










340 










345 






350 




30 


Thr 


Arg 


Ser 


Val 


Leu 


Gly 


Ser 


Glu 


Pro 


Val 


Arg Val Asp 


He Arg 


Asp 








355 










360 






365 








Asn 


Val 


Ser 


Leu 


Glu 


Trp 


Asp Gly 


Vaj 


Arg 


Leu Ser Val 


Asp Arg 


Asp 






370 










375 








380 






35 


Gly 


Asp 


Arg 


Arg 


Val 


Ala 


Gl li 


Val 


Lys 


Pro 


Gly Glu Leu 


Val lie 


Ala 




385 










390 










395 




400 




.Asp 


Asp 


Asn 


Thr 


Ala 


He 


Glu 


He 


Thr 


Ala 


Gly His Gly Glri Val 


Ser 












405 










410 




. 415 




40 


Phe 


Ala 


Phe 


Arg 


Thr 


Phe 


Lys 


Gly 


Asp 


Thr. 


lie Glu Arg 







420 425 



,^210> 95 
<21 1> 35 
<212> DNA 

<2I3> Artificial Sequence 
<220^> 

<223> Descr ipt ion of^ Artificial Sequence:primer for 
amplifying scrB gene 
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<400> 95 

gtacataltg tcgltagaac gcgtaatacg actca 
<210> 96 

<2il> 35 . 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequenceiprimer for 
amp! i fying scrB gene 

<400> 96 

cgtlagaacg cglaatacga cicaclatag ggaga 

<210> 97 
<211> 30 : 
<212> DNA 

<2I3> Artificial Sequence 
<220> . 

<223> Descript ion of Artif iciarSeQuence:priiDer for 
LA cloning of scrB 

<400> 97 , 

gtaaagagcg Icgggcaggl gcgtccactg 

<210> 98 ■ 
<2ll> 30. 

"^<2-l-2^^DN A— — - ^..=^===^^===:.=.=;.i...^ 

<213> Artificial Sequence 
<220> . 

<223> Description of Artificial Sequence :pr imer for 
LA cloning of scrB 

<400> 98 

ggtgtgagcc cagccggtgc gclttgglgc 
<210> 99 
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<2II> 50 ' - ^ ' - ■ 

<213> Artificial Sequence 

<220> ' . ■ ■ . - - ■ 

10 <223> Description of Arli f icial. Sequencerprimer for 

LA cloning of scrB : \ / 

<400> 99 

75 atcagccctg atggtgatgg ttggaaaatg . 30" 

<210> 1,00 ' ; - 

<2I1> 30 \, V 

20 <212> DNA : . > ■ : : 

<213> Artificial Sequence . 

25' " ; . <2-20> ■ , ; " ' ■■ ^ ' : \^ ' \ . . : ' . H ' ' 

<223> Descr ipt ion of Ar t i f icial Sequence:priiDer f or . 
LA cloning of scrB gene 

30 <400> 100 

ggtgcagcgg t tctataccg ctcgacagat • ; . ■ 3^ 

■■ <2io> 101. \ / . : ; 

<2n> 32 . 
<212> DNA / . 

<213> Arti f icial Sequence ^ r 

<220> : 
<223> Descr ipt ion of Ar t i f ic iaT Sequenceipr iEQer f or ' ' 
amplifying scrB gene /. ' ■ 

. <400> 101 

ggcccgggac gcccgaltcl tcaacaclal eg 32 ' 

50 • ' ' ■ 

<210> 102 : 
<21I> 32 

<212> DNA : 

<213> Art if icial Sequence ' 
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<220> 

<223> Description of Artificial Sequence:primer for ' 

ampl i fyi ng scrB gene . . 

<460> 102 . , 

ggcccgggga tcaagggatl tigcgaagta tt 32 

<210> 103 
<2n>.30 
<212> DNA 

<213> Art i f icial Sequence 

<22o> 

<223> Descript ion of Arlificial Sequence:priiDer for 
amplifying icd gene 



<400> 103 ,^ , ; 

gaagatctct. algaccagcg catcaagctg , 30 

<210> 104 ' ' 

<211> 30 
., <212> DNA • . 

<213> Artificial Sequence 

35 ■ ■ . ■ ■ . ' , . 

<220> ' ; . . 

<223> Descripl ion of Artificial SequencerpriiDer for 
ampl i fying icd gene 

<4M>:,io4^; : • 

gaagatctgg tcatcccaga acctgafcac 30 . 



<2I0> 105 

<211> 32 

<2 I 2> DNA 

<213> Arlificial Sequence 
' <22G> 

<223> Description of Arlificial Sequence:primer for 
ampl i fying gdh gene 
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<400> 105 

gcgnrtgrag gtccgagggt gtgcgttcgg ca 

' <210> 106 ■ 
<211> 32 
<212> DNA 

<213> Artificial. Sequence 

<220> . 
<223> Descr ipt ion of Artificial Sequencerprimer for 
ampl i fyi ng gdh gene 

<400> 106 

gcgcctgcag gcaccaggal gccctcaacc ag 

<210> 107 \ 
<211> 30 . 

<212> DNA , 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequenceiprimer for 
ampl i fy ing gl tA gene ' : 

<400> ;107 . 

ggggtaccga tcactataac cccacagcac \ 
<210> 108 . 

<211> 30 - -■■ ■ 
<212> DNA " 

<213> Artificial Siequence 
<220> 

<223> Descripl ion of Artificial Sequence:pr imer for 
ampl ifyinggl tA' gene 

<400> 108 \ ^ I 

- gggg t ac G_c t -ggG t ga t G t g -a ae-l aggcgc - ^ ; . - 



1219712A1J_: 
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Claims 

1. A protein having the amino acid sequence of SEQ ID NO; 2 or the amino acid sequence of SEQ ID NO: 2 including 
substitution, deletion, insertion, addition or inversion of one or several amino acids residues, which has isocitrate 
lyase activity and shows 30% or more of residual activity after a heat treatment at 50°C for 5 minutes. 

2. A protein having the amino acid sequence of SEQ ID NO: 4 or the amino acid sequence of SEQ ID NO: 4 including 
substitution, deletion, insertion, addition or inversion of one or several amino acids residues, which is involved in 
acyl Co-A carboxylase activity and is derived from Corynebacterium thermoaminogenes. 

3. A protein having the amino acid sequence of SEQ ID NO: 6 or the amino acid sequence of SEQ ID NO: 6 including 
substitution, deletion, insertion, addition or inversion of one or several amino acids residues, which has DtsR 
activity and is derived from Corynebacterium thermoaminogenes. 

15 4. A protein having the amino acid sequence of SEQ ID NO: 8 or the amino acid sequence of SEQ ID NO: 8 including 
substitution, deletion, insertion, addition or inversion of one or several amino acids residues, which has DtsR 
activity and is derived from Corynebacterium thermoaminogenes. 

5. A protein having the. amino acid sequence of SEQ ID NO: TO or the amino acid sequence of SEQ ID NO: 10 
20 including substitution, deletion, insertion, addition or inversion of one or several amino acids residues, which shows 

phosphofructokinase activity at 60'*C in an equivalent or higher degree compared with the activity at 30''C. 

6. A protein having the amino acid sequence of SEQ \D NO: 94 or the amino acid sequence of SEQ ID NO: 94 
including substitution, deletion, insertion, addition or inversion of one or several amino acids residues, which. has 

25 activity for imparting sucrose assimilating ability to Corynebacterium thermoaminogenes. 

7. A protein having any one of the amino acid sequences of SEQ ID NOS: 1 7-20 or the amino acid sequence of any 
one of SEQ ID NOS: 1 7-20 including substitution, deletion, insertion, addition or inversion of one or several amino 
acids residues, which has a function involved in glutarriic acid uptake and is derived from Corynebacterium ther- 

30 moaminogenes. 

8. A protein having the amino acid sequence of SEQ ID NO: 22 or the amino acid sequence of SEQ ID NO: 22 
including substitution, deletion, insertion, addition or inversion of one or several amino acids residues, which has 
pyruvate dehydrogenase activity and is derived from Coo'ne/jacter/um frtermoam/nopenes. 

35 

9. A protein having the amino acid sequence of SEQ ID NO: 24 or the amino acid sequence of SEQ ID NO: 24 
including substitution, deletion, insertion, addition or inversion of one or several amino acids residues, which has 
pyruvate carboxylase activity and Is derived from Corynebacterium thermoaminogenes. 

40 10. A protein having the amino acid sequence of SEQ ID NO: 26 or the amino acid sequence of SEQ ID NO: 26 
including substitution, deletion, insertion, addition or inversion of one or severa[^mirKvacids residues, w hich has 



- phosphoenolpyruvate carboxylase activity and shows 50% or more of residual activity after a heat treatment at 
45°C for 5 minutes. . 

^5 11. A protein having the amino acid sequence of SEQ ID NO: 28 or the amino acid sequence of SEQ ID NO: 28 
including substitution, deletion, insertion, addition or inversion of one or several amino acids residues, which has 
aconitase activity and shows 30% or more of residual activity after a heal treatment al 50^0 for 3 minutes. 

12. A protein having the amino acid sequence of SEQ ID NO: 30 or the amino acid sequence of SEQ ID NO: 30' 
50 including substitution, deletion, insertion, addition or inversion of one or several amino acids residues, which has 

isocitrate dehydrogenase activity and shows 50% or more of residual activity after a heat treatment at 45°C for 1 0 
minutes. 

13. A protein. having the amino acid sequence of SEQ ID NO: 32 or the amino acid sequence of SEQ ID NO: 32 
55 including substitution, deletion, insertion, addition or inversion of one pr several amino acids residues, which has 

dihydrolipoamide dehydrogenase activity and is derived from Corynebacterium thermoaminogenes. 

14. A protein having the amino acid sequence of SEQ ID NO: 34 or the amino acid sequence of SEQ ID NO: 34 
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including substitution, deletion, insertion, addition or inversion of one or several amino acids residues/ which has 
2-oxoglutarate dehydrogenase activity, and shows 30% or more of residual activity after a heat treatment at 50°C 
; ' for10 minutes. ■ - - - • - ^ - ' " - ■ ■ - • 

5 15. A protein having the amino acid sequence of SEQ ID NO: 80 in Sequence Listing or the amino acid sequence of 
SEQ ID NO: 80 including substitution, deletion, insertion, addition or inversion of one or several amino acids res- 
~ idues, which shows glutanriate dehydrogenase activity at 42° C in an equivalent or higher degree compared with 
the activity at 37°C. " \ - . . ^ 

10 16. A protein having the amino acid sequence of SEQ ID NO: 90 in Sequence Listing or the amino acid sequence of * 
SEQ ID NO: 90 including substitution, deletion, insertion, addition or inversion of one or several amino acids res- 
idues, which shows citrate synthase activity at 37*'C in an equivalent or higher degree compared with the activity . 

at.23''C: ^r- . . ' ' ■ - ^ ' ' ^. ' ; • - 

15 17. A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 2 or the amino acid sequence 
of SEQ ID NO: 2 including substitution, deletion, insertion, addition or inversion of one or several amino acids 
residues, and having isocitrate lyase activity. ... . . . . 



20 
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18. The DNA according to Claim 17, which is a DNA defined in the follovying (a1) or (b1): 

(a1 ) a DNA which comprises the nucleotide sequence of SEQ ID NO: 1 in Sequence Listing, . 
(b1) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 1 in Sequence Listing or a 
primer prepared based on. the nucleotide sequence under a stringent condition, and codes for a protein havjng 
isocitrate lyase activity.- , '■ - _ - ... , ■ 

19. A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 4 or the amino acid sequence 
of SEQ ID NO: 4 including substitution, deletion; insertion, addition or inversion of one. or several amino acids 

, residues, and involved in acy I Co-A carboxylase activity ; ' 

30 20; The DNA according. to Claim. 19, which is a DNA defined in the following (a2) or (b2): „ ^ . 

(a2) a DNA which comprises the nucleotide sequence of SEQ ID NO: 3 in Sequence Listing; 
(b2) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 3 in Sequence Listing or a , 
primerpreparedbasedon thenucleotidesequence underastringentconditton, and codes for a protein involved-^ 
35 in acyl Co-A carboxylase activity.- 

21. A.DNA'Which codes for a protein having the amino acid sequence of SEQ ID NO::6 or the amino acid sequence, 
of SEQ ID NO: 6 including substitution: deletion, insertion, addition or inversion of one or several amino acids 
. residues, and having DtsR activity. 



40 



22. The DNA according to Claim 21 , which is a DNA defined in the following (a3) or (b3): 



(a3) a DNA which comprises the nucleotide sequence of SEQ ID NO: 5 in Sequence Listing, " - 
{b3) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 5 in Sequence Listing or a 
45 primer prepared based on the nucleotide sequence under a stnhgent condition, and codes for a protein having 

' , DtsR activity. • - -/ / . 

23. A DNA, which codes for a protein having the amino acid sequence of SEQ ID NO: 8 or the amino acid sequence 
of SEQ ID NO: 8 including substitution, deletion, insertion, addition or inversion of one or several amino acids. 

so residues, and having DtsR activity. ^ ■ 

24. The DNA according to Claim 23, which is a DNA defined in the following (a4) or (b4): . - . 

' (a4) a DNA which comprjses the nucleotide sequence of SEQ ID NO: T^in Sequence.Listing, 1 
55 a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 7 in Sequence Listing or a 

primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein having 
- DtsR activity." ' . . . \ ,* > . 
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25. A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 10 or the annino acid sequence 
of iSEQ ID NO: 10 including substitution, deletion/ insertion, addition or inversion of one or several amino acids 
residues, and having phosphofructokinase activity. 

5 26. The DNA according to Claim 25, which is a DNA defined in the following (a5) or (bS); 

(a5) a DNA which comprises the nucleotide sequence of SEQ ID NO: 9 in Sequence Listing, 
(b5) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 9 in Sequence Listing or a 
primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein having 
ro phosphofructokinase activity. • . v 

27. A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 93 oi^ the amino acid sequence 
of SEQ ID NO: 93 including substitution, deletion, insertion, addition or inversion of one or several amino acids ■ . 
residues, and having invertase activity. 

28. The DNA according 10 Claim 27, which is a DNA defined in the following (a6) or (b6): . ... 

(a6) a DNA which comprises the nucleotide sequence of SEQ ID NO: 93 in Sequence Listing, 
{b6) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 93 in Sequence Listing or a 
20 primer prepared based on the nucledtide sequence under a stringent condition, and codes for a protein having 

invertase activity. ' - . ' * 

29. A DNA which codesfor a protein having any one of the amino acid sequences of SEQ ID^NOS: 17-20 or the amino 
acid sequence of any one of SEQ ID NOS: 17-20 including substitution, deletion, insertion, addition or.inversion 

25 of one or several amino acids residues, and having a function involved in glutamic acid uptake. 

30. The DNA according to Claim 29, which is a DNA defined in the following (a7) or {b7): - :^ ' 

(a7) a DNA which comprises the nucleotide sequence of SEQ ID NO: 1 6 in Sequence Listing, 
(b7) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 1 6 in. Sequence Listing or a 
primer prepared based on the nucleotide sequence under a stringent condition; and codes for a protein having 
a function involved in glutamic acid uptake. ' ' ^. : . i:^' 

A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 22 or the amino acid sequence r -/ . ' .js 

of SEQ ID NO: 22 including substitution, deletion, insertion, addition or inversion of one or several amino. acids .v: -a 
residues, and having pyruvate dehydrogenase activity. 

.... - . ■ ^ \ '~ ■ ' , '^kJ. ... '-v^^;'-^-?) 

The DNA according to Claim 31,- which is a DNA defined in the following (a8) or (b8):' ' r^ ; .. - . 

40 (a8) a DNA which comprises the nucleotide sequence of SEQ ID NO: 21 in Sequence Listing, 

(b8 ).a.DNA.which is,hybridizable.with the^nucleotide seju^^ 

primer prepared based on the nucleotide sequence undeTa stringent condition, and cocleFfor a proteih-Kavih^g " 
pyruvate dehydrogenase activity. ■ : . . . 

45 33. A DNA which codes for a protein having the amino acid.sequence of SEQ ID NO: 24 or the amino acid sequence 
of SEQ ID NO: 24 including substitution, deletion, insertion, addition or inversion of one or several amino acids 
residues, and having pyruvate carboxylase activity. 

34. A DNA according to Claim 33, which is a DNA defined in the following (a9) or (b9); . ' 

50 ' . . . • _ 

(a9) a DNA which comprises the nucleotide sequence of SEQ ID NO: 23 in Sequence Listing, 
(b9) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 23 in Sequence twisting or a - . 
primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein having 
pyruvate carboxylase activity. . , . ^ ' 

55 . ■ • . . , . • ^ ■ 

35. A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 26 or the amino acid sequence 
of SEQ ID NO: 26 including substitution, deletion, insertion, addition or inversion of one or several amino acids 
residues, and having phosphoenolpyruvate carboxylase activity. 
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36. The DNA according to Claim 35, which is a DMA defined in the following (a10) or (bl6): 
. (a10) a DNA which com prise s the nucle otide seq uence_of_S.EQ-l D„N 0:_25-in.S eq uence^Listi ng 



(b10) a DNA which Is hybridizable with the nucleotide sequence of SEQ ID NO: 25 in Sequence Listing or a 
^ primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein having 

phosphoenolpyruvate carboxylase activity. 

37. A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 28 or the amino acid sequence 
of SEQ ID NO: 28 including substitution, deletion, insertion, addition or inversion of one or several amino acids 

^0 residues, and having aconitase activity. 

38. The DNA according to Claim 37, which is a DNA defined in the following (a11) or (b11): 



15 



25 



(a11) a DNA which comprises the nucleotide sequence of SEQ ID NO: 27 in Sequence Listing, - 
(b11) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 27 in Sequence Listing or a 
primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein having 
aconitase activity. 

39: A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 30 or the amino acid sequence 
of SEQ ID NO: 30 including substitution, deletion, insertion, addition or. inversion of one or several amino acids 
residues, and having isocitrate dehydrogenase activity. 

40. The DNA according to Claim 39, which is a DNA defined in the following (a12) or (b12): 

(a12) a DNA which comprises the nucleotide sequence of SEQ ID NO: 27 in Sequence Listing, 
(b12) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO:.27 in Sequence Listing or a 
primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein having 
isocitrate dehydrogenase activity. 

41. A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 32 or the amino acid sequence 
of SEQ ID NO: 32 including substitution, deletion, insertion.- addition or inversion of one or several amino acids 
residues, and having dihydrolipoamide dehydrogenase activity. 

42. The DNA according to Claim 41 , which is a DNA defined in the following (a1 3) or {b1 3): 

(a13) a DNA which comprises the nucleotide sequence of SEQ ID N0:-31 in Sequence Listing, 
(b13) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 31 in Sequence Listing or a 
primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein having 
dihydrolipoamide dehydrogenase activity. 

43. A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 34 or the amino acid sequence 
of SEQ ID NO: 34 including substitution, deletion, insertion, addition or inversion of one or several amino acids 
residues, and having 2-dxoglutarate dehydrogenase activity. 

45 44. The DNA according to Claim 43, which is a DNA defined in the following (a14) or {b14): 

(a14) a DNA which comprises the nucleotide sequence of SEQ ID NO: 33 in Sequence Listing, 
(b1 4) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 33 in Sequence Listing or a 
primer prepared based on the nucleotide sequence under a sthngent condition, and codes for a protein having 
2-oxoglutarate dehydrogenase activity. 

45. A DNA which codes for a protein having the amino acid sequence of SEQ ID NO: 80 in Sequence Listing or the . 
amino acid sequence of SEQ ID NO: 80 including substitution, deletion, insertion, addition or inversion of one or 

_ several amino acids residues, and showing glutamate dehydrogenase activity at 42° C in an equivalent or higher 

55 degree compared with the activity at 37''C. 

46. The DNA according to Claim 45, which is a DNA defined in the following (a15) or (b15): 
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(a15) a DNA which comprises the nucleotide sequence of SEO ID NO: 79 in Sequence Listing^ 
(b15) a DNA which is hybridizable with the nucleotide sequence of SEO ID NO: 79 in Sequence Listing or a 
primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein showing 
glutamate dehydrogenase activity at 42°C in an equivalent or higher degree compared with the activity at 37°C. 

5 . ' . 

47. A DNA which codes for a protein having the amino acid sequence of SEO ID NO: 90 in Sequence Listing or the 
amino acid sequence of SEQ ID NO: 90 including substitution, deletion, insertion, addition or inversion of one or 
several amino acids residues, and showing citrate synthase activity at 37°C in an equivalent or higher degree 
compared with the activity at 23°C. 

10 

48. The DNA according to Claims 47, which is a DNA defined in the following (a16) or (b16): 

(a16) a DNA which comprises the nucleotide sequence of SEQ ID NO: 89 in Sequence Listing, 
(b16) a DNA which is hybridizable with the nucleotide sequence of SEQ ID NO: 89 in Sequence Listing or a 
15 primer prepared based on the nucleotide sequence under a stringent condition, and codes for a protein showing 

citrate synthase activity at 37^0 in an equivalent or higher degree compared with the activity at 23°C. 

49. A method for producing L-amino acid, which comprises culturing a microorganism introduced with a DNA according 
to any one of Claims 17 to 48 in a medium to produce and accumulate L-amino acid in the medium, and collecting 

20 the L-amino acid from the medium. • - . 
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Fig. 9 
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Fig. 11 
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